Studies on the Isolation and Characterization of Cellulase From Cellulomonas Uda (Atcc21399). by Fleenor, Marvin Bension
Louisiana State University
LSU Digital Commons
LSU Historical Dissertations and Theses Graduate School
1973
Studies on the Isolation and Characterization of
Cellulase From Cellulomonas Uda (Atcc21399).
Marvin Bension Fleenor
Louisiana State University and Agricultural & Mechanical College
Follow this and additional works at: https://digitalcommons.lsu.edu/gradschool_disstheses
This Dissertation is brought to you for free and open access by the Graduate School at LSU Digital Commons. It has been accepted for inclusion in
LSU Historical Dissertations and Theses by an authorized administrator of LSU Digital Commons. For more information, please contact
gradetd@lsu.edu.
Recommended Citation
Fleenor, Marvin Bension, "Studies on the Isolation and Characterization of Cellulase From Cellulomonas Uda (Atcc21399)." (1973).
LSU Historical Dissertations and Theses. 2540.
https://digitalcommons.lsu.edu/gradschool_disstheses/2540
INFORMATION TO USERS
This material was produced from a microfilm copy of the original document. While 
the most advanced technological means to  photograph and reproduce this document 
have been used, the quality is heavily dependent upon the quality of the original 
submitted.
The following explanation of techniques is provided to  help you understand 
markings or patterns which may appear on this reproduction.
1. The sign or "target" for pages apparently lacking from the document 
photographed is "Missing Page(s)". If it was possible to  obtain the missing 
page(s) or section, they are spliced into the film along with adjacent pages. 
This may have necessitated cutting thru an image and duplicating adjacent 
pages to insure you complete continuity.
2. When an image on the film is obliterated with a large round black mark, it 
is an indication that the photographer suspected that the copy may have 
moved during exposure and thus cause a blurred image. You will find a 
good image of the page in the adjacent frame.
3. When a map, drawing or chart, etc., was part of the material being 
photographed the photographer followed a definite method in 
"sectioning" the material. It is customary to  begin photoing at the upper 
left hand corner of a large sheet and to continue photoing from left to 
right in equal sections with a small overlap. If necessary, sectioning is 
continued again — beginning below the first row and continuing on until 
complete.
4. The majority of users indicate that the textual content is of greatest value, 
however, a somewhat higher quality reproduction could be made from 
"photographs" if essential to  the understanding of the dissertation. Silver 
prints of "photographs" may be ordered at additional charge by writing 
the Order Department, giving the catalog number, title, author and 
specific pages you wish reproduced.
5. PLEASE NOTE: Some pages may have indistinct print. Filmed as 
received.
Xerox University Microfilms
300 North Zeab Road
Ann Arbor, Michigan 48106
7 4 -1 8 ,3 3 6
FLEENOR, M arvin B e n s io n ,  1939- 
STUDIES ON THE ISOLATION AND CHARACTERIZATION OF 
CELLULASE FROM CELLULOMONAS UDA (ATCC 2 1 3 9 9 ) .
The L o u i s i a n a  S t a t e  U n i v e r s i t y  and A g r i c u l t u r a l  
and M echan ica l C o l l e g e ,  P h .D . ,  1973 
M ic ro b io lo g y
University Microfilms, A XEROX Com pany , Ann Arbor, M ichigan
THIS DISSERTATION HAS BEEN MICROFILMED EXACTLY AS RECEIVED.
STUDIES OM THE ISOLATION AND 
CHARACTERIZATION OF CELLULASE 
FROM CELLULOMONAS UDA (ATCC 21399)
A D i s s e r t a t i o n
S u b m i t t e d  t o  t h e  G r a d u a t e  F a c u l t y  o f  t h e  
L o u i s i a n a  S t a t e  U n i v e r s i t y  and  
Ag r i c u l t u r a l  and  M e c h a n i c a l  C o l l e g e  
i n  p a r t i a l  f u l f i l l m e n t  o f  t h e  
r e q u i r e m e n t s  f o r  t h e  d e g r e e  o f  
D o c t o r  o f  P h i l o s o p h y
i n
The D e p a r t m e n t  o f  M i c r o b i o l o g y
by
M a r v i n  B e n s i o n  F l e e n o r  
. S . ,  E a s t  T e n n e s s e e  S t a t e  U n i v e r s i t y ,  1969 
D e c e m b e r ,  1973
ACKNOWLEDGMENT
The; a u t h o r  w i s h e s  t o  e x p r e s s  h i s  a p p r e c i a t i o n  t o  Dr . V . R. 
S r i n i v a s a n  f o r  h i s  g u i d a n c e ,  p a t i e n c e  and  u n d e r s t a n d i n g  d u r i n g  th e  
c o u r s e  o f  t h i s  r e s e a r c h .  He a l s o  w i s h e s  t o  t h a n k  D r .  H. D. Braymer 
f o r  h i s  a s s i s t a n c e  and  c o u n s e l  d u r i n g  t h e  a b s e n c e  o f  D r .  V.  R.  
S r i n i v a s a n .  Thanks  a r e  a l s o  e x t e n d e d  t o  t h e  o t h e r  members  o f  t h e  
D e p a r t m e n t  o f  M i c r o b i o l o g y  f o r  t h e i r  a s s i s t a n c e  w i t h  t h e  p r o g r e s s  
o f  t h i s  w o r k .  S p e c i a l  t h a n k s  a r e  e x t e n d e d  t o  M r s .  M. W. Bumm f o r  
h e r  t e c h n i c a l  a s s i s t a n c e .
The a u t h o r  w i s h e s  t o  t h a n k  h i s  w i f e  J o h a n n a ,  d a u g h t e r  K i r s t e n  
and s o n s  D i r k ,  B r i a n  and  A d r i a n  f o r  t h e i r  p a t i e n c e  and  u n d e r s t a n d i n g  





TABLE OF CONTENTS ....................................................................................................................i l l
LIST OF T A B L E S ................................................................................................................................v i
LIST OF FIGURES ........................................................................................................................ v i i
ABSTRACT ..........................................................................................................................................v i i i
INTRODUCTION...............................................................................................................................  1
REVIEW OF LITERATURE ...........................................................................................................  5
I .  CELLULOLZTIC ENZYME S Y S T E M ................................................................... 5
I I .  ASSAY OF CELLULASE ACTIVITY.....................................................................  8
I I I .  CELLULASE ISOLATION METHODS ....................................................................  9
IV.  SEPARATION AND PURIFICATION OF CELLULOLYTIC ENZYMES . . 10
V. INDUCTION AND REPRESSION OF CELLULASES ...........................................12
V I .  LOCALIZATION OF CELLULASE COMPONENTS ................................................ 14
MATERIALS AND METHODS ...................................................................................................... L6
I .  MICROORGANISM AND MAINTENANCE.................................................................... 16
I I .  GROWTH METHODS ........................................................................................................ 16
I I I .  DIALYSIS ....................................................................................................................... 17
IV .  ION EXCHANGE CHROMATOGRAPHY..........................................................................17
V. THIN-LAYER CHROMATOGRAPHY...............................................................................18
V I .  ZONE ELECTROPHORESIS ON CELLULOSE ACETATE FILMS . . . .  18
V I I .  POLYACRYLAMIDE DISC GEL ELECTROPHORESIS........................................... 19
V I I I .  DENSITY GRADIENT CENTRIFUGATION .........................................................  20
IX.  ASSAY METHODS.............................................................................................................?1
i i  1
Page
A. ASSAY OF /3-GLUCOSIDASE AND EXO- $  - 1 -4
GLUCANASE ACTIVITY .............................................................................  21
B. ASSAY OF ff-GALACTOSIDASE A C T I V I T Y ..................................... 22
C.  ASSAY OF CELLULASE ACTIVITY ..................................................  22
1.  COLORIMETRIC DETERMINATIONS .......................................... 22
a . FERRICYANTDE M E T H O D ................................................. 22
b .  NEOCUPROINE METHOD ......................................................... 23
2 .  VISCOMETRIC METHOD ...................................................................  24
3 .  DISC GEL ACTIVITY S T A I N ......................................................26
X.  DETERMINATION OF P R O T E I N ..........................................................................26
RESULTS ............................................................................................................................................. 27
I . PURIFICATION OF CELLULOMONAS UDA CELLULASE ........................... 27
A.  DETERMINATION OF INITIAL CELLULASE ACTIVITY . . .  27
B. DOWEX 50W-X2 ION EXCHANGE ABSORPTION ..............................  27
C.  ULTRA FIL TRA TIO N ..............................................................................29
D. ETHYL ALCOHOL P R E C I P I T A T I O N ........................................ . 3 0
E .  LYOPH ILIZATION...................................................................................31
F .  PREPARATIVE POLYACRYLAMIDE GEL ELECTROPHORESIS . . 31
I I .  CHARACTERIZATION OF CELLULOMONAS UDA CELLULASE . . . . 38
A. MOLECULAR W E I G H T ....................................................................... .....  . 38
B. EFFECT OF CELLULASE CONCENTRATION ON REACTION
V E L O C IT Y ................................................................................................... 38
C.  ZONE-ELECTROPHORESIS ON CELLULOSE ACETATE FILMS. . 45
D.  PRODUCTS OF ENZYMATIC HYDROLYSIS OF CELLULOSE . . 30
E.  OLIGOSACCHARIDE SPECIFICITY OF CELLULASE ....................  33
i v
F .  KINETICS OF THE ENZYME REACTION........................................................ 56
G. OPTIMAL TEMPERATURE OF THE ENZYME REACTION ......................  56
H. OPTIMAL pH OF THE ENZYME REACTION................................................... 61
I .  ENZYME INHIBITION ........................................................................................  64
D ISC U SS IO N ......................................................................................................................................... 6 8
LITERATURE C I T E D .......................................................................................................................... 77
V I T A .........................................................................................................................................................8  J
v
LIST OF TABLES
T a b l e  Page
L. P u r i f i c a t i o n  o f  C e 1 l u lo m o n a s
uda c e l l u l a s e ................................................................................................................... 28
2. E f f e c t  o f  v a r i o u s  c a t i o n s  on t h e
a c t i v i t y  o f  c e l l u l a s e  ............................................................................................  5 5
3. E f f e c t  o f  enzyme i n h i b i t o r s  on
t h e  a c t i v i t y  o f  c e l l u l a s e ....................................................................................... 6 7
vi
LIST OF FIGURES
F i g u r e  Page
1.  N e g a t i v e  s t a i n  p r e p a r a t i o n  f rom  a  2 4 - h r  l i q u i d
c u l t u r e  o f  Ce 1 l u lo m o n a s  u d a .......................................................   4
2 .  E l u t i o n  p r o f i l e  o b t a i n e d  from p r e p a r a t i v e  p o l y ­
a c r y l a m i d e  d i s c  g e l  e l e c t r o p h o r e s i s  o f  p a r t i a l l y
p u r i f i e d  c e l l u l a s e .......................................................   33
3 .  P o l y a c r y l a m i d e  g e l  e l e c t r o p h o r e s i s  o f  p a r t i a l l y
p u r i f i e d  c e l l u l a s e .......................................................     35
4 .  P o l y a c r y l a m i d e  g e l  e l e c t r o p h o r e s i s  o f  p o o l e d
" p o l y - p r e p "  f r a c t i o n s  .................................................................................. . 3 7
5 .  S e d i m e n t a t i o n  p a t t e r n  o f  p a r t i a l l y  p u r i f i e d  
c e l l u l a s e  o b t a i n e d  i n  a 8-33% g l y c e r o l  d e n s i t y  
g r a d i e n t  u s i n g  h e m o g l o b i n  and  c y t o c h r o m e  C a s
m o l e c u l a r  w e i g h t  s t a n d a r d s ................................................................................40
6 . S e d i m e n t a t i o n  p a t t e r n  o f  p a r t i  . l y  p u r i f i e d  
c e l l u l a s e  o b t a i n e d  i n  a  8-337o g l y c e r o l  d e n s i t y  
g r a d i e n t  u s i n g  c h y m o t r y p s i n o g e n  A and  o v a l b u m i n
a s  m o l e c u l a r  w e i g h t  s t a n d a r d s    . . . . . . . .  42
7 .  S e d i m e n t a t i o n  p a t t e r n  o f  p u r i f i e d  c e l l u l a s e
o b t a i n e d  i n  a  8-33% g l y c e r o l  d e n s i t y  g r a d i e n t  .......................... 44
8 . E f f e c t  o f  c e l l u l a s e  c o n c e n t r a t i o n  on  r e a c t i o n
ve loc  i t y ......................................................................................................................... . 4 7
9 T y p i c a l  z o n e - e l e c t r o p h o r e t i c  p a t t e r n  o f  c e l l u l a s e
on c e l l u l o s e  a c e t a t e  f i l m .........................................................................  . 49
10.  R e d u c i n g  s u g a r  i n  g l u c o s e  e q u i v a l e n t s  j tg / ra l  
p r o d u c e d  f rom  c e l l u l o s e  powder  d u r i n g  a 24 h r
p e r i o d ............................................................     52
11. R e p r o d u c t i o n  o f  t h i n - l a y e r  c h ro m a to g r a m  o f  s u g a r  
s t a n d a r d s  v e r s u s  t h e  p r o d u c t s  o f  c e l l u l a s e
h y d r o l y s i s  o f  o l i g o s a c c h a r i d e s .......................... . . . . . . . . 5 5
12. H o f s t e e  p l o t  o f  c e l l u l a s e  a c t i v i t y  w i t h  CMC a s
t h e  s u b s t r a t e    . . . . . . . .  58
13.  L i n e w e a v e r - B u r k  p l o t  o f  c e l l u l a s e  a c t i v i t y  w i t h
CMC a s  t h e  s u b s t r a t e  ...................................................................................... . 6 0
14.  E f f e c t  o f  pH on t h e  a c t i v i t y  o f  c e l l u l a s e .............................. , . 63
v i i
ABSTRACT
I n v e s t i g a t i o n s  w e r e  c a r r i e d  o u t  on  t h e  p u r i f i c a t i o n  and  
c h a r a c t e r i z a t i o n  o f  a n  e x t r a c e l l u l a r  c e l l u l a s e ,  e n d o - ^ - 1 - 4  
g l u c a n a s e ,  (E .C . 3 . 2 . 1 . 4 )  o f  C e l l u l o m o n a s  uda  (ATCC 2 1 3 9 9 ) .  The e n ­
zyme was c o n c e n t r a t e d  f rom t h e  c u l t u r e  f i l t r a t e  and  p u r i f i e d  by a b ­
s o r p t i o n  on Dowex 50 W-X2 r e s i n  u l t r a f i l t r a t i o n  u s i n g  membranes  XM- 
100 a nd  PM-10 and  e t h y l  a l c o h o l  p r e c i p i t a t i o n .  The l a s t  s t e p  i n  t h e  
p u r i f i c a t i o n  was a c c o m p l i s h e d  by p r e p a r a t i v e  p o l y a c r y l a m i d e  g e l  
e l e c t r o p h o r e s i s .  The f i n a l  p r e p a r a t i o n  was p u r i f i e d  323 t o l d ,  w i t h  
a  r e c o v e r y  o f  7.4% o f  t h e  i n i t i a l  enzyme a c t i v i t y .
The enzyme ha d  a n  op t im um  pH r a n g e  o f  5 . 4 - 6 . 8  an d  a  t e m p e r a t u r e  
op t im um o f  4 2 . 5  C .  An a p p a r e n t  Km o f  0 . 2 8  mg/ml was o b t a i n e d  u s i n g  
c a r b o x y m e t h y l  c e l l u l o s e  7L a s  t h e  s u b s t r a t e .  The maximum v e l o c i t y  
was 1 .5  x 10^ fig o f  g l u c o s e  e q u i v a l e n t s / m i n / m g  p r o t e i n .  A l t h o u g h  
m e r c u r i c  i o n s  c o m p l e t e l y  i n h i b i t e d  t h e  enzyme a c t i v i t y ,  s u l f h y d r y l  
r e a g e n t s  o n l y  p a r t i a l l y  i n a c t i v a t e d  t h e  e nz ym e .  The m o l e c u l a r  
w e i g h t  o f  t h e  enzyme was 3 9 , 2 0 0  + 5 , 0 0 0  a s  e s t i m a t e d  by  g l y c e r o l  
d e n s i t y  g r a d i e n t  c e n t r i f u g a t i o n .
C e l l o b i o s e  was t h e  o n l y  d e t e c t a b l e  p r o d u c t  o f  t h e  e n z y m a t i c  
h y d r o l y s i s  o f  c e l l u l o s e .  The enzyme was a b l e  t o  h y d r o l y z e  c e l l o -  
t e t r a o s e  t o  c e l l o b i o s e .  C e l l o b i o s e ,  c e l l o t r i o s e ,  P - n i t r o p h e n y I - ft - 
D - g l u c o s i d e  o r  O - n i t r o p h e n y l - fi- D - g a l a c t o s i d e  w e re  n o t  h y d r o l y z e d .
v i i i
INTRODUCTION
A c e l l u l o s e  d e g r a d i n g  h a c t e r i u m ,  C e l  l u lo m o n a s  s p . ATCC 2139' ) ,  
was i s o l a t e d  f rom  a s u g a r  c a n e  f i e l d .  The m i c r o o r g a n i s m  a t t a c h e s  
i t s e l f  t o  c e l l u l o s e  f i b e r s  a s  shown by  F i g .  1 d u r i n g  t h e  p r o c e s s  ol  
c e l l u l o s e  d e g r a d a t i o n .  The c h a r a c t e r i s t i c s  o f  t h e  o r g a n i s m  a r e  
c l o s e l y  a s s o c i a t e d  w i t h  t h o s e  o f  two o f  t h e  t e n  s p e c i e s  i n  t h e  g e n u s  
C e l l u l o m o n a s  d e s c r i b e d  i n  B e r g e y ' s  M anual  (Han an d  S r i n i v a s a n ,  1 9 6 8 ) .  
The d i f f e r e n c e s  b e t w e e n  t h e  i s o l a t e  and  t h e s e  two s p e c i e s  ( C e l l u l o ­
monas f l a v i g e n a  and  C e 1l u lo m o n a s  u d a ) c o u l d  n o t  be d e t e r m i n e d  a t  t h a t  
t i m e .  R e c e n t l y  F i e d l e r  and  K a n d l e r  ( 1 9 7 3 )  h a v e  p l a c e d  t h e  C e l l u l o - 
monas s p . ATCC 21399 u n d e r  C.  uda  b a s e d  on  t h e  c a r b o h y d r a t e s  found  
upon e x a m i n a t i o n  o f  t h e  mure i n  l a y e r  o f  t h e  c e l l  w a l l .  O n l y  two 
s u g a r s ,  g l u c o s e  and  g l u c o s a m i n e ,  w e re  p r e s e n t  i n  t h e  m u r e i n  l a y e r s  
o f  C. uda  and  C .  sj>. ATCC 21399 ;  h o w e v e r ,  s e v e r a l  s u g a r s  s u c h  a s  
m a n n o s e ,  r h a m n o s e , f u c o s e , r i b o s e ,  6 - d e o x y t a l o s e  and  g a l a c t o s e  w h ic h  
were  found  i n  o t h e r  s p e c i e s  o f  C e l l u l o m o n a s . w e r e  n o t  d e t e c t e d .
The w o r l d  w ide  s h o r t a g e  o f  d i e t a r y  p r o t e i n  h a s  l e d  many i n v e s ­
t i g a t o r s  t o  p r o b e  i n t o  f e r m e n t a t i o n  p r o c e s s e s  u t i l i z i n g  m i c r o o r g a n ­
isms  f o r  t h e  p r o d u c t i o n  o f  s i n g l e  c e l l  p r o t e i n  ( S C P ) . B a c t e r i a  have  
b e e n  o f  p a r t i c u l a r  i n t e r e s t  i n  s u c h  s y s t e m s  b e c a u s e  o f  t h e i r  r e l a ­
t i v e  s h o r t  g e n e r a t i o n  t i m e s .  C e l l u l o s e  i s  an  i m p o r t a n t  s u b s t r a t e  in 
s u c h  p r o c e s s e s  b e c a u s e  i t  i s  t h e  m o s t  a b u n d a n t  o f  a l l  n a t u r a l l y  
o c c u r i n g  o r g a n i c  c o m p o u n d s .  A g r i c u l t u r a l ,  i n d u s t r i a l  and  m u n i c i p a l  
c e l l u l o s i c  w a s t e  m a t e r i a l s  may be u t i l i z e d  b e c a u s e  o f  t h e i r
1
2a v a i l a b i l i t y  and  low c o s t  a s  w e l l  a s  t h e  a d d e d  im p ro v e m e n t  t o  o u r  
e n v i r o n m e n t  t h r o u g h  t h e  e c y c l i n g  o f  t h i s  m a t e r i a l .  A p r o c e s s  i n ­
v o l v i n g  c e l l u l o s e  d e c o m p o s i t i o n  by C.  uda  h a s  b e e n  d e v e l o p e d  t h r o u g h  
t h e  k n o w le d g e  o f  t h e  p h y s i o l o g y  o f  g r o w t h  o f  t h e  o r g a n i s m .  A l k a l i  
p r e t r e a t m e n t  o f  t h e  c e l l u l o s e  s u b s t r a t e  an d  pH c o n t r o l  o f  t h e  g r o w ­
i n g  c u l t u r e  h a v e  im proved  t h e  b i o m a s s  y i e l d  c o n s i d e r a b l y  i n  t h i s  
p r o c e s s .
T h e r e  a r e  s e v e r a l ,  p o s s i b i l i t i e s  f o r  e x p l o i t i n g  t h e  p o t e n t i a l i ­
t i e s  o f  C.  u d a . One o f  t h e s e  i s  t h e  p o s s i b i l i t y  o f  c o n v e r t i n g  c e l l u ­
l o s e  t o  g l u c o s e  w h i c h  c o u l d  t h e n  t h r o u g h  a  s e c o n d a r y  f e r m e n t a t i o n  
p r o c e s s  s e r v e  a s  t h e  s u b s t r a t e  f o r  t h e  p r o d u c t i o n  o f  SCP o r  a  w ide  
a r r a y  o f  o r g a n i c  and  b i o c h e m i c a l  p r o d u c t s .
I f  t h e  f u l l  u t i l i z a t i o n  o f  t h e  c a p a b i l i t i e s  o f  t h e  o r g a n i s m  i s
t o  be r e a l i z e d  a  b e t t e r  u n d e r s t a n d i n g  o f  t h e  e n z y m a t i c  m a c h i n e r y  f o r
t h e  b re a k d o w n  o f  c e l l u l o s e  i s  e s s e n t i a l .
The r e s u l t s  o f  t h e  p u r i f i c a t i o n  and  c h a r a c t e r i z a t i o n  o f  t h e
m a i n  e x t r a c e l l u l a r  c e l l u l a s e ,  e n d o  / J - l - 4  g l u c a n a s e  (E .C .3 . 2 .1 . 4 )  a r e
p r e s e n t e d  in  t h i s  d i s s e r t a t i o n .
3F i g .  1. N e g a t i v e  s t a i n  p r e p a r a t i o n  f rom a 2 4 - h r  l i q u i d  c u l t u r e  
o f  C e 1 l u lo m o n a s  ud a  grown on 1.0% powdered  c e l l u l o s e .  
The p r e p a r a t i o n  was s t a i n e d  w i t h  d i l u t e  p h o s p h o t u n g s t i c  
a c i d . Mag. 8 9 , 0 0 0  X .

REVIEW OF LITERATURE
I . C e l l u l o l y t i c  Enzyme S y s t e m
The c e l l u l o l y t i c  enzym es  a r e  e x t r a c e l l u l a r  i n  n a t u r e  and 
h y d r o l y z e  c e l l u l o s e  t o  s o l u b l e  c a r b o h y d r a t e s  s m a l l  e n o u g h  t o  be 
t r a n s p o r t e d  t o  t h e  i n t e r i o r  o f  l i v i n g  c e l l s .  Most  o f  t h e  s t u d i e s  
on c e l l u l a s e s  t o  d a t e  h a v e  b e e n  o f  f u n g a l  and  b a c t e r i a l  o r i g i n .  
C e l l u l o l y t i c  enzymes  h a v e  b e e n  r e v i e w e d  by  many i n v e s t i g a t o r s  
( S i u ,  1951;  G a s c o i g n e  and  G a s c o i g n e ,  1960;  R e e s e ,  1963;  N o r k r a n s , 
1967;  J u r a z e k  e_t a_ l . , 1962;  C o w l i n g ,  1963;  H a j n y  and  R e e s e ,  1969 
an d  W h i t a k e r ,  1 9 7 1 ) .
Many c e l l u l o l y t i c  m i c r o o r g a n i s m s  ( b a c t e r i a  in  g e n e r a l )  c a n  
d e g r a d e  c e l l u l o s i c  m a t e r i a l s  o n l y  a f t e r  some m o d i f i c a t i o n  o f  t h e  
c e l l u l o s e  h a s  o c c u r r e d ,  w h i l e  many f u n g i  d e g r a d e  c e l l u l o s e  in  t h e  
n a t i v e  f o r m ,  s u c h  a s  c o t t o n  f i b e r s .  Many i n v e s t i g a t o r s  c o n s i d e r  
o n l y  t h e  l a t t e r  o r g a n i s m s  a s  t r u l y  c e l l u l o l y t i c .
R e e s e  and  h i s  c o - w o r k e r s  ( 1 9 5 0 )  i n t r o d u c e d  a m u l t i - e n z y m e  
h y p o t h e s i s  f o r  t h e  e n z y m a t i c  h y d r o l y s i s  o f  c e l l u l o s e .  The 
d i f f e r e n t  s t e p s  i n  t h e  c e l l u l o l y t i c  s y s t e m  w e re  s c h e m a t i c a l l y  
r e p r e s e n t e d  a s  f o l l o w s  ( R e e s e ,  1 9 5 6 ) :
N a t i v e  d  v l i n e a r  Cx v c e ^ ° ^ o s e  / J - g  l u c o s  i d a s e  g l u c o s e  
c e 1 l u l o s e  '  c e l l u l o s e  7  7
c h a  i n
O r g a n i s m s  p o s s e s s i n g  b o t h  t h e  C^ and  Cx enzymes  a r e  a b l e  t o  
d e g r a d e  n a t i v e  c e l l u l o s e  w h i l e  t h o s e  w i t h  o n l y  t h e  Cx enzyme can
5
6h y d r o l y z e  c e l l u l o s e  o n l y  a f t e r  m o d i f i c a t i o n  o f  t h e  s u b s t r a t e  .
The c u r r e n t  c o n c e p t  o f  t h e  c e l l u l a s e  c o m p le x  w h i c h  c o n s i s t s  
o f  s e v e r a l  c o m p o n e n t s  a c t i n g  i n  s e q u e n c e  on  t h e  c e l l u l o s e  m o l e ­
c u l e  h a s  b e e n  d e f i n e d  by K ing  an d  V e s s a l ,  ( 1 9 6 9 )  and  i s  p r e s e n t e d  
b e lo w :
A.  The C^ i s  p o s s i b l y  t h e  l e a s t  u n d e r s t o o d  enzyme o f  t h e  
c o m p l e x .  I t  makes  p o s s i b l e  t h e  h y d r o l y s i s  o f  h i g h l y  o r i e n t e d  
s o l i d  c e l l u l o s e  ( c o t t o n ,  A v i c e l ,  e t c . )  by fi-1-4  g l u c a n a s e s  . I t  
h a s  b e e n  t e n t a t i v e l y  s u g g e s t e d  t h a t  t h e  c o m p o n e n t  m i g h t  i n ­
v o l v e  a n  a t t a c k  on h y d r o g e n  bon d s  ( S i u ,  1 9 6 3 ) ,  a n o m o lo u s  l i n k ­
a g e s ,  "w eak"  l i n k a g e s  o r  a t y p i c a l  r e s i d u e s  i n  t h e  c e l l u l o s e  c h a i n  
( M a nde l s  a nd  R e e s e ,  1 9 6 4 ) .  A n o t h e r  h y p o t h e s i s  i s  t h a t  t h e  
c o m p o n e n t  i s  a n  enzyme c a p a b l e ,  on i t s  own, o f  s o l u b i l i z i n g  c r y s ­
t a l l i n e  h y d r o c e l l u l o s e  ( L i  e_t a_l^ , 1965 and  Okada  ejt a ^ . ,  1 9 6 8 ) ,  
h o w e v e r  i t  d o e s  a c t  s y n e r g i s t i c a l l y  w i t h  t h e  Cx c o m p o n e n t s  t o  
p r o d u c e  a n  i n c r e a s e  i n  t h e  r a t e  o f  h y d r o l y s i s .
Wood an d  MaCrae (1 9 7 2 )  p u r i f i e d  t h e  c o m p o n e n t  f rom T r i - 
c h o d e rm a  k o n i n g i i  by i s o e l e c t r i c  f o c u s i n g .  The enzyme had  l i t t l e  
e f f e c t  on c a r b o x y m e t h y l  c e l l u l o s e  (CMC) o r  h i g h l y  o r d e r e d  fo rm s  
o f  c e l l u l o s e ,  b u t  i t  d e g r a d e d  p h o s p h o r i c  a c i d - s w o l l e n  c e l l u l o s e  
t o  c e l l o b i o s e .  They  p r o p o s e d  t h a t  t h e  C^ c om ponen t  i s  a l s o  a 
/9- 1 - 4  g l u c a n a s e .
B.  / J - 1-4 G l u c a n a s e s  (Cx ) a r e  h y d r o l y t i c  enzym es  and  t h e i r  
a c t i v i t y  i s  u s u a l l y  m e a s u r e d  on s o l u b l e  c e l l u l o s e  d e r i v a t i v e s  
s u c h  a s  CMC. (The " x "  i n  Cx I n d i c a t e s  t h e  m u I t i - c o m p o n e n t  
n a t u r e  o f  t h i s  f r a c t i o n . )  The £ - 1 - 4  g l u c a n a s e s  a r e  ol  two t y p e s :
7( 1 )  Exo-  / J - l - 4  g l u c a n a s e  w h i c h  s u c c e s s i v e l y  rem oves  s i n g l e  
g l u c o s e  u n i t s  f rom t h e  n o n - r e d u c i n g  end  o f  t h e  c e l l u l o s e  c h a i n ;
( 2 )  Endo /8 -1 -4  g l u c a n a s e s  w h i c h  a t t a c k  t h e  c e l l u l o s e  m o l e ­
c u l e s  r a n d o m l y ,  t h e  t e r m i n a l  l i n k a g e s  g e n e r a l l y  b e i n g  l e s s  s u s c e p ­
t i b l e  t o  a t t a c k  t h a n  i n t e r n a l  l i n k a g e s .
C.  /S -G lucos  i d a s e s  v a r y  i n  t h e i r  s p e c i f i c i t i e s  t o w a rd  c a r b o ­
h y d r a t e s .  Those  t h a t  h y d r o l y z e  a r y l -  - g l u c o s i d e s  a r e  n o t  i n v o l v e d  
i n  t h e  b rea k d o w n  o f  c e l l u l o s e .  T hose  t h a t  a c t  on  a l l  o f  t h e  /J~ 
d i m e r s  o f  g l u c o s e  t a k e  p a r t  i n  t h e  d e p o l y m e r i z a t i o n  o f  c e l l u l o s e  
t o  i t s  m o n o m e r s .
/ J - g l u c o s i d a s e s  and  e x o -  / J - 1 - 4  g l u c a n a s e s  h y d r o l y z e  t h e  /3 -1 -4  
l i n k a g e s  i n  s u b s t r a t e s  r a n g i n g  f rom c e l l o b i o s e  t o  c e l l o h e x a o s e .
The s m a l l e r  o l i g o m e r s  a r e  h y d r o l y z e d  m o s t  r a p i d l y  by  t h e  / J - g l u c o -  
s i d a s e s  w h i l e  t h e  e x o - g l u c a n a s e s  a r e  m ore  a c t i v e  t o w a rd  t h e  l a r g e r  
o l i g o m e r s .  ff-Gl u c o s i d a s e s  a c t  by r e t e n t i o n  o f  c o n f i g u r a t i o n  and  
e x o - g l u c a n a s e s  by i n v e r s i o n .  / f - G l u c o s i d a s e s  a r e  more s t r o n g l y  i n ­
h i b i t e d  by g l u c o n o l a c  t o n e  t h a n  e x o - g l u c a n a s e s  and  t h e  e x o - g l u c a ­
n a s e s  a r e  more l i n k a g e  s p e c i f i c  t h a n  t h e  j j - g l u c o s  i d a s e s  .
Enzyme C om m iss ion  num bers  have  b e e n  a s s i g n e d  t o  some o f  t h e  
c e l l u l a s e  c o m p o n e n t s .  E n d o - # - l - 4  g l u c a n a s e  i s  d e s i g n a t e d  E . C . 3 . 2 .
1 .4  and  i s  t h e  enzyme t h a t  many w o r k e r s  r e f e r  t o  a s  t h e  Cx c e l l u ­
l a s e .  /3-G l u c o s  i d a s e  i s  d e s i g n a t e d  E . C . 3 . 2 . 1 .21  and  t h e  e x o -  / ? - l - 4  
g l u c a n a s e  i s  s o m e t im e s  g i v e n  t h i s  d e s i g n a t i o n .
L e a th e r w o o d  ( 1 9 7 3 )  h a s  p r o p o s e d  a  new h y p o t h e s i s  f o r  t h e  
m e c h a n i s m  o f  c e l l u l o s e  d e p o l y m e r i z a t i o n  b a s e d  on p r o t e i n - p r o t e i n  
i n t e r a c t i o n .  A c o m p l e t e  c e l l u l a s e  c om plex  c a p a b l e  o f  h y d r o l y z i n g
8n a t i v e  c e l l u l o s e  t o  c e l l o b i o s e  w ou ld  be fo rm ed  by  a n  a s s o c i a t i o n  
o f  a n  a f f i n i t y  f a c t o r  and  a  h y d r o l y t i c  f a c t o r .  The h y d r o l y s i s  o f  
i n s o l u b l e  c e l l u l o s e  w ou ld  r e q u i r e  t h a t  t h e  h y d r o l y t i c  f a c t o r  be 
h e l d  i n  p o s i t i o n  on  t h e  i n s o l u b l e  s u b s t r a t e  by t h e  a f f i n i t y  f a c t o r .
I I . A s s a y  o f  C e l l u l a s e  A c t i v i t y
The a c t i v i t y  o f  c e l l u l a s e  i s  m e a s u r e d  by u s i n g  a  wide  v a r i e t y
o f  s u b s t r a t e s .  The m o s t  commonly u s e d  s u b s t r a t e s  a r e  n a t i v e  c e l l u ­
l o s e ,  r e g e n e r a t e d  c e l l u l o s e  and  s o l u b l e  c e l l u l o s e  d e r i v a t i v e s .
Most  a s s a y  m e t h o d s  a r e  n o r m a l l y  b a s e d  on t h e  f o l l o w i n g  p r o c e d u r e s  
( E r i k s s o n ,  1 9 69 ) :
a .  l o s s  i n  w e i g h t  o f  i n s o l u b l e  s u b s t r a t e s ,
b .  c h a n g e  in  m e c h a n i c a l  p r o p e r t i e s  o f  f i b e r s  o f  f i l m s ,
c .  d e c r e a s e  i n  t u r b i d i t y  o f  c e l l u l o s e  s u s p e n s i o n s ,
d .  i n c r e a s e  i n  r e d u c i n g  en d  g r o u p s ,
e .  d e c r e a s e  i n  v i s c o s i t y  o f  c e l l u l o s e  d e r i v a t i v e s ,
f .  c o l o r i m e t r i c  d e t e r m i n a t i o n  o f  d i s s o l v e d  decom posed  
p r o d u c t s  o f  c e l l u l o s e ,  and
g .  m e a s u r e m e n t s  o f  c l e a r a n c e  z o n e s  i n  c e l l u l o s e  a g a r .
R e c e n t l y  a  r a d i o c h e m i c a l  m e th o d  h a s  b e e n  d e s c r i b e d  by  K o l e f f  (1 9 7 2 )
u s i n g  ^ C - l a b e l e d  c e l l u l o s e  a s  a  s u b s t r a t e .  A c e l l u l a s e  u n i t  i s  
d e f i n e d  a s  t h a t  am oun t  o f  enzyme w h i c h ,  u n d e r  d e f i n e d  c o n d i t i o n s  
h y d r o l y z e s  /3 -1 -4  g l u c o s i d i c  l i n k a g e s  a t  t h e  i n i t i a l  r a t e  o f  1 pg  
g l u c o s e  e q u i v a l e n t  p e r  m i n u t e  ( F l o r k i n ,  1 9 6 5 ) .
9I I I . C e l l u l a s e  I s o l a t i o n  M ethods
The c e l l u l o l y t i c  enzym es  o f  f u n g i  an d  m o s t  b a c t e r i a  a r e  f o r  
t h e  m o s t  p a r t  p r e s e n t  i n  t h e  m e n s t r u m  i n  w h i c h  t h e  o r g a n i s m s  were  
g r o w n .  A c l a r i f i e d  c u l t u r e  f i l t r a t e  i s  u s u a l l y  o b t a i n e d  by e i t h e r  
c e n t r i f u g a t i o n  o r  f i l t r a t i o n .  I t  i s  n e c e s s a r y  t o  p r o c e s s  l a r g e  
v o lum e s  o f  c u l t u r e  f i l t r a t e  i n  o r d e r  t o  o b t a i n  p r o t e i n  m a t e r i a l  
s u f f i c i e n t  f o r  t h e  e x t e n s i v e  s t u d y  o f  t h e  c e l l u l a s e  e n z y m e s .  The 
f i r s t  p r o b l e m  t h a t  m u s t  b e  f a c e d  i s  t h a t  many m a t e r i a l s  u s e d  in  
enzyme p u r i f i c a t i o n  a r e  s u b s t r a t e s  f o r  c e l l u l a s e s .  D i a l y s i s  mem­
b r a n e s  f rom c e l l o p h a n e  m u s t  be p r o t e c t e d  by a c e t y l a t i o n  ( W h i t a k e r  
e_t a_l. , 1963) o r  r e p l a c e d  by c o l l o d i o n  o r  a n i m a l  m e m b r a n e s .  
F r e e z e - d r y i n g ,  p r e c i p i t a t i o n  m e t h o d s  and  vacuum e v a p o r a t i o n  have 
b e e n  t h e  b a s i s  f o r  t h e  c o n c e n t r a t i o n  o f  c e l l u l a s e s ;  h o w e v e r ,  d e -  
n a t u r a t i o n  and  l o s s  o f  e n z y m i c  a c t i v i t y  a r e  r e p o r t e d  f o r  a l l  o f  
t h e s e  m e t h o d s .  E r i k s s o n  a nd  P e t t e r s s o n  ( 1 9 6 8 a )  c o n c e n t r a t e d  a 
c u l t u r e  f i l t r a t e  o f  S t e r e u m  s a n g u i n o l e n t u m  by s u s p e n d i n g  d i e t h y l -  
a m i n o e t h y l  (DEAE)-Sephadex  A - 5 0  i n  t h e  c u l t u r e  s o l u t i o n .  A f t e r  
s t i r r i n g  th e  io n  e x c h a n g e r  was f i l t e r e d  o f f  an d  e l u t e d  g i v i n g  a t  
b e s t  a 50 p e r  c e n t  r e c o v e r y .  E r i k s s o n  and  R z e d o w s k i  ( 1 9 6 9 a )  
u t i l i z e d  a  D i a f l o  U l t r a f i l t r a t i o n  a p p a r a t u s  (Amicon C o r p o r a t i o n ,  
C a m b r i d g e ,  M a s s . )  f o r  t h e  c o n c e n t r a t i o n  o f  c e l l u l a s e  enzymes  from 
t h e  c u l t u r e  m e n s t r u u m  o f  t h e  f u n g u s ,  C h r y s o s p o r i u m  l i g n o r u m . They 
found  t h e  f l o w  r a t e  t o  be s l o w  and t h a t  t h e  membranes w i l l  c l o g  
c a u s i n g  t h e  f low  t o  c e a s e .  S e v e r a l  new i m p r o v e m e n ts  i n  t h e  u l t r a ­
f i l t r a t i o n  t e c h n i q u e s  s u c h  a s  t h i n - c h a n n e l  and  h o i  l o w - f i b r e  s y s ­
tems p r e s e n t  t h e  p o s s i b i l i t i e s  o l  h i g h e r  f low  r a t e s .  C u l t u r e
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f i l t r a t e s  o f  C e l l v i b r i o  f u l v u s  h a v e  b e e n  s u c c e s s f u l l y  c o n c e n t r a t e d  
an d  d i a l y z e d  by t h i s  m e thod  u s i n g  membranes  o f  t h e  t y p e  PM-10 
( B e r g  e t  aJL. ,  1972)  .
I V . S e p a r a t i o n  an d  P u r i f i c a t i o n  o f  C e l l u l o l y t i c  Enzymes
An e a r l y  summary o f  s e p a r a t i o n  and  p u r i f i c a t i o n  o f  c e l l u l a s e s  
and  r e l a t e d  enzymes  was p r e s e n t e d  by H a s h i m o t o  and  N i s i z a w a  ( 1 9 6 3 ) .  
They  d i s c u s s e d  t h e  f o l l o w i n g  m e t h o d s  i n c l u d i n g :
a .  s e p a r a t i o n  owing  t o  d i f f e r e n c e s  i n  s t a b i l i t y  t o  h e a t ;
b .  p u r i f i c a t i o n  by f r a c t i o n a l  p r e c i p i t a t i o n ;
c .  d i f f e r e n t  e l e c t r o p h o r e t i c  t e c h n i q u e s  f o r  p u r i f i c a t i o n ;  and
d .  p a p e r  c h r o m a t o g r a p h y  and  co lum n  c h r o m a t o g r a p h y  f o r  
s e p a r a t i o n  o f  c e l l u l o l y t i c  e n z y m e s .
E r i k s s o n  ( 1 9 6 9 )  r e v i e w e d  s e v e r a l  m e t h o d s  t h a t  h a v e  b e e n  a p p l i e d  t o  
t h e  s e p a r a t i o n  an d  p u r i f i c a t i o n  o f  t h e  c e l l u l a s e  e n z y m e s .  The 
m e t h o d s  c o v e r e d  w i l l  be d i s c u s s e d  b e lo w  and  i n c l u d e d  g e l  f i l t r a t i o n  
t e c h n i q u e s ,  DEAE-Sephadex  io n  e x c h a n g e  c o l u m n s ,  i s o e l e c t r i c  f o c u s ­
i n g ,  and  s p e c i f i c  a d s o r p t i o n .
G e l  f i l t r a t i o n  e s p e c i a l l y  h a s  w i d e l y  b e e n  u t i l i z e d  t o  s e p a r a t e  
t h e  c e l l u l o l y t i c  enzymes  d e r i v e d  from many d i f f e r e n t  s o u r c e s  em­
p l o y i n g  S e p h a d e x  g e l s  ( P h a r m a c i a  F i n e  C h e m i c a l s ,  U p p s a l a ,  S w e d e n ) .  
P o l y a c r y l a m i d e  g e l s  ( B i o -R a d  L a b o r a t o r i e s ,  R ic h m o n d ,  C a H f o r n i a )  
h a v e  a l s o  b e e n  u s e d  f o r  s e p a r a t i o n  o f  c e l l u l o l y t i c  e n z y m e s .  The 
c e l l u l a s e s  f rom S t e r e u m  s a n g u i n o l e n t u m  have  b e e n  s e p a r a t e d  on a 
p o l y a c r y l a m i d e  co lu m n  by  E r i k s s o n  and  P e l t e r s s o n  (1 9 6 8 )  w i t h  low 
y i e l d s  r e p o r t e d  f o r  t h i s  t y p e  o f  co lum n  a s  w e l l  ms t h e  S e p h a d e x
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g e l s .  E r i k s s o n  and  R z e d o w s k i  ( 1 9 6 9 b )  a l s o  s e p a r a t e d  t h e  c e l l u l a s e s  
f rom C h r y s o s p o r l u m  l l g n o r u m  by  t h e  same m e t h o d .
S t u t z e n b e r g e r  ( 1 9 7 2 )  p a r t i a l l y  p u r i f i e d  t h e  c e l l u l a s e  c om ple x  
f rom  Therm om onospo ra  c u r v a t a  u s i n g  c o n t r o l l e d - p o r e  g l a s s  b e a d s  
( C o r n i n g  G l a s s  W o rk s ,  C o r n i n g ,  N. Y . )  f o r  co lum n  c h r o m a t o g r a p h y .
One o f  t h e  m o s t  w i d e l y  u s e d  m e t h o d s  i n  t h e  p u r i f i c a t i o n  o f  
c e l l u l a s e s  i s  i o n  e x c h a n g e  on DEAE-Sephadex  c o l u m n s .  E r i k s s o n  and  
P e t t e r s s o n  ( 1 9 6 8 )  s e p a r a t e d  two c e l l u l a s e  p e a k s ,  and  P 2  f rom 
c u l t u r e  f i l t r a t e s  o f  S t e r e u m  s a n g u i n o l e n t u m . The p e a k  P 2  d i f f e r e d  
f rom P^ o n l y  i n  t h e  h i g h e r  c a r b o h y d r a t e  c o n t e n t  o f  ? 2  • E r i k s s o n  
and  R z e d o w s k i  ( 1 9 6 9 b )  s e p a r a t e d  t h r e e  p e a k s  o f  a c t i v i t y  f rom  t h e  
f u n g u s  C h r y s o s p o r i u m  1 i g n o ru m  u s i n g  DEAE-Sephadex A - 5 0 .  The e n ­
zyme y i e l d  f rom  DEAE-Sephadex  A -5 0  f o r  b o t h  o f  t h e  f u n g i  m e n t i o n e d  
was low and  i n  t h e  c a s e  o f  S t e r e u m  s a n g u i n o l e n t u m  t h e  t o t a l  s u g a r  
c o n t e n t  o f  t h e  c e l l u l a s e s  i n c r e a s e d  d u r i n g  t h i s  p r o c e d u r e .  In  
c o n t r a s t  t o  t h e  a b o v e  s i t u a t i o n  t h e  c e l l u l a s e  f rom P e n i c i 1 l ium  
n o t a t u r n  ( P e t t e r s s o n ,  1968a)  h a s  b e e n  r e p o r t e d  t o  be r e c o v e r e d  in  
r e l a t i v e l y  h i g h  y i e l d s  by  t h e  s e p a r a t i o n s  on DEAE-Sephadex  A - 2 5 .
I s o e l e c t r i c  f o c u s i n g  h a s  b e e n  u s e d  t o  s t u d y  many o f  t h e  c e l l u ­
l a s e s  s i n c e  i t  n o t  o n l y  o f f e r s  a  h i g h  d e g r e e  o l  r e s o l u t i o n  b u t  
o f f e r s  t h e  a d d e d  a d v a n t a g e  o f  t h e  d i r e c t  d e t e r m i n a t i o n  o f  t h e  i s o ­
e l e c t r i c  p o i n t  o f  t h e  e n z y m e .  I t  h a s  b e e n  p o s s i b l e  t o  d e t e c t  
h e t e r o g e n e i t i e s  i n  c e l l u l a s e s  o c c u r r i n g  d u r i n g  p r o l o n g e d  c u l t i ­
v a t i o n  o f  t h e  o r g a n i s m  ( B u c h t  and  E r i k s s o n ,  1 9 6 8 ) .  I t  i s  c a u t i o n ­
ed  t h a t  many o f  t lie c e l l u l a s e  p r e p a r a t i o n s  c o n t a i n  s u c r a s e  a c t  I v i l y  
and t h a t  a s u c r o s e  d e n s i t y  g r a d i e n t  c a n n o t  be u s e d .
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L i  e t  a l . ,  ( 1 9 6 5 )  r e p o r t e d  t h e  p u r i f i c a t i o n  o f  c e l l u l o l y t i c  
e nzym es  by s p e c i f i c  a b s o r p t i o n  w h i c h  g a v e  a  h i g h  y i e l d  o f  e n z y m e .  
A m i x t u r e  o f  an d  Cx c e l l u l a s e s  was p a s s e d  t h r o u g h  an  A v i c e l  
c o l u m n .  O n ly  t h e  a c t i v i t y  was a b s o r b e d  w h i l e  m o s t  o f  t h e  Cx 
a c t i v i t y  p a s s e d  t h r o u g h  t h e  c o lu m n .  The u n a b s o r b e d  m a t e r i a l  was 
t h e n  p a s s e d  t h r o u g h  a n  a l k a l i - s w o l l e n  c e l l u l s e  co lum n w he re  t h e  
Cx a c t i v i t y  was r e t a i n e d  u n t i l  i t  was e l u t e d  by b u f f e r .
V . I n d u c t i o n  a n d  R e p r e s s i o n  o f  C e l l u l a s e s
C e l l u l a s e s  a r e  g e n e r a l l y  c o n s i d e r e d  t o  be  i n d u c i b l e  i n  m o s t  
c e l l u l o l y t i c  f u n g i  ( R e e s e  a n d  L e v i n s o n ,  1956)  a s  w e l l  a s  i n  m os t  
c e l l u l o l y t i c  b a c t e r i a  ( K i n g ,  1 9 6 1 ) .  The a b i l i t y  o f  c e l l u l o l y t i c  
m i c r o o r g a n i s m s  t o  g row  on  i n s o l u b l e  c e l l u l o s e  r a i s e d  t h e  q u e s t i o n  
c o n c e r n i n g  t h e  n a t u r e  o f  t h e  i n d u c t i o n  o f  c e l l u l a s e s .  S m a l l  
a m o u n t s  o f  c e l l u l a s e  p r o d u c e d  c o n s t i t u t i v e l y  c o u l d  a t t a c k  t h e  i n ­
s o l u b l e  s u b s t r a t e  a n d  p r o d u c e  s o l u b l e  p r o d u c t s  w h i c h  c o u l d  s e r v e  
a s  t h e  i n d u c e r s  o f  t h e  e n z y m e .  Some b a c t e r i a  h a v e  b e e n  found  t o  
p r o d u c e  s m a l l  a m o u n t s  o f  c e l l u l a s e  c o n s t i t u t i v e l y  (Hammerst rom 
e t  a 1.  , 1965 and  Yamane e_t a l . ,  1 9 7 0 a ) .  Hulme and  S t r a n k s  (1 9 7 1 )  
i n d i c a t e  t h a t  M y r o t h e c i u m  v e r r u c a r i a  may p r o d u c e  t h e  e n t i r e  c e l l u ­
l a s e  c o m p le x  c o n s t i t u t i v e l y .
C e l l o b i o s e  h a s  b e e n  c o n s i d e r e d  t o  be  t h e  n a t u r a l  i n d u c e r  o f  
t h e  c e l l u l a s e  enzyme ( M a n d e l s  and  R e e s e ,  1 9 6 0 ) ,  how e ve r  most  i n ­
v e s t i g a t o r s  h a v e  fo u n d  low c e l l u l a s e  p r o d u c t i o n  when c e l l o b i o s e  
was p r e s e n t  i n  s u b s t r a t e  l e v e l  c o n c e n t r a t i o n s .  M a nde l s  and R eese  
( 1 9 5 7 )  r e p o r t e d  c e l l u l a s e  p r o d u c t i o n  when Tr  i c h o d e r m a  v i r  ido was
grown on g l u c o s e .  I t  was l a t e r  d e t e r m i n e d  ( M a n d e l s  and  R e e s e ,
1960)  t h a t  g l u c o s e  i s  n o t  a n  i n d u c e r  b u t  c o n t a i n e d  a n  i m p u r i t y  
t h a t  d i d  a c t  a s  a n  i n d u c e r .  S o p h o r o s e  (2-0-fi-D g l u c o s y l - D - g l u c o s e  
was i s o l a t e d  a s  t h e  i m p u r i t y  i n  r e a g e n t  g r a d e  g l u c o s e  (M a nde l s  e_t 
a 1 . ,  1962)  and  i s  c o n s i d e r e d  t o  be one o f  t h e  m o s t  p o t e n t  i n d u c e r s  
o f  c e l l u l a s e s  found  so  f a r .  M a n d e l s  e £ a j _ .  ( 1 9 6 2 )  r e p o r t e d  t h e  i n ­
d u c t i o n  o f  c e l l u l a s e  by s o p h o r o s e  t o  be  h i g h l y  s p e c i f i c  f o r  T .  
v i r i d e  a f t e r  s c r e e n i n g  55 c e l l u l o l y t i c  f u n g i .  S o p h o r o s e  h a s  a l s o  
b e e n  r e p o r t e d  t o  be a  p o w e r f u l  i n d u c e r  f o r  t h e  c e l l u l o l y t i c  
b a c t e r i a  Pseudomonas  f l u o r e s c e n s  v a r  . ce  1 l u l o s a  by Yamane e_t a  1 . 
( 1 9 7 0 a )  .
Yamane e t  a ^ .  ( 1 9 7 0 a )  h a s  s u g g e s t e d  t h a t  t h e  p r o d u c t i o n  o f  
c e l l u l a s e s  by c e l l u l o l y t i c  f u n g i  and  b a c t e r i a  i s  g r e a t l y  i n f l u e n c e d  
by t h e  p h y s i o l o g i c a l  c o n d i t i o n s  t o  w h i c h  t h e  m i c r o o r g a n i s m s  a r e  
e x p o s e d .  T h e r e  i s  a  g r e a t  d e a l  o f  e v i d e n c e  t o  s u g g e s t  t h a t  
c a t a b o l i t e  r e p r e s s i o n  p l a y s  a n  i m p o r t a n t  r o l e  i n  t h e  p r o d u c t i o n  o f  
c e l l u l a s e s  (Yamane e_t a j ^ . ,  1970a and  N i s i z a w a  ej: a_l. , 1 9 7 1 a ) .  
A c e t a t e ,  f o r m a t e ,  p r o p i o n a t e  and  b u t y r a t e  a t  a  c o n c e n t r a t i o n  o f  
10 M have  b e e n  shown t o  i n h i b i t  c e l l u l a s e  s y n t h e s i s  i n  t h e  washed  
m y c e l i a  o f  T .  v i r  i d e  (M ande l s  and  R e e s e ,  1 9 6 0 ) .  N i s i z a w a  e_t a  1 . 
( 1 9 7 2 )  found  t h a t  n o t  o n l y  g l u c o s e  and  p y r u v a t e  b u t  a l s o  many o t h e r  
co m p o u n d s ,  s u c h  a s  s u c c i n a t e ,  m a l a t e ,  g l u t a m a t e ,  g l y c e r o l ,  f r u c t o s e  
g l u c o n a t e  and  a d e n o s i n e  t r i p h o s p h a t e  a l s o  r e p r e s s e d  t h e  c e l l u l a s e  
i n d u c t i o n  b u t  n o t  t h e  s e c r e t i o n  o f  c e l l u l a s e  i n  T .  v i r  i d e . L a c t o s e  
and  s u c r o s e  i n h i b i t  t h e  p r o d u c t i o n  o f  c e l l u l u s e  i n  t h e  o b l i g a t e  
a n a e r o b i c  b a c t e r i a  R u m in o co c c u s  ( F u s s e e  and L e a t h e r w o o d ,  1 9 7 2 ) .
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C e l l u l a s e  s y n t h e s i s  o r  s e c r e t i o n  by P .  f l u o r e s c e n s  may be p ro m p te d  
by a  l a c k  o f  a b s o r b a b l e  and u s a b l e  c e l l u l o l y t i c  p r o d u c t s  s u c h  a s  
c e l l o b i o s e  an d  g l u c o s e  (Yamane e_t a ^ .  , 1 9 7 0 a ) .  F u s s e e  and  
L e a t h e r w o o d  ( 1 9 7 2 )  r e p o r t e d  t h e  g r o w t h  o f  R u m inococ c us  on c e l l o -  
b i o s e - c e 1 l u l o s e  medium t o  h a v e  a  d i a u x i c  m ec h a n i s m  a s  d e s c r i b e d  by 
Monod ( 1 9 4 7 )  The c e l l u l a s e  s y n t h e s i s  r e m a i n e d  low u n t i l  t h e  
c e l l o b i o s e  was u t i l i z e d  and  t h e n  c e l l u l a s e  s y n t h e s i s  i n c r e a s e d  a s  
t h e  c e l l u l o s e  was u t i l i z e d .  N i s i z a w a  et a K  ( 1 9 7 2 )  i n d i c a t e d  t h a t  
c a t a b o l i t e  r e p r e s s i o n  o f  t h e  i n d u c t i o n  o f  c e l l u l a s e  i n  T .  v i r i d e  
o c c u r s  m a i n l y  a t  t h e  t r a n s l a t i o n a l  l e v e l .  A c t i n o m y c i n  D o r  puromy-  
c i n  i n h i b i t e d  t h e  i n d u c i b l e  c e l l u l a s e  f o r m a t i o n  i n  T .  v i r i d e  u s i n g  
washed  m y c e l i a  ( N i s i z a w a  a _ l . ,  1 9 7 1 a ) .  Yamane ( 1 9 7 0 a )  s u g g e s t e d  
f rom h i s  e x p e r i m e n t s  c o n c e r n i n g  t h e  i n d u c t i o n  o f  c e l l - f r e e  and  c e l l -  
bound c e l l u l a s e s  o f  P .  f l u o r e s c e n s  t h a t  p r o b a b l y  t h e  two enzymes  
a r e  c o n t r o l l e d  by  d i f f e r e n t  gene  s i t e s .
V I . L o c a l i z a t i o n  o f  C e l l u l a s e  Com ponen ts
C e l l u l a s e s  a r e  e x t r a c e l l u l a r  e nzym es  t h a t  a r e  bound  on t h e  
s u r f a c e  o f  t h e  o r g a n i s m ,  s e c r e t e d  i n t o  t h e  e n v i r o n m e n t  o r  b o t h .
The d e t e r m i n a t i o n  o f  t h e s e  two c o m p o n e n t s  o f  c e l l u l a s e s  have  b e e n  
c o m p l i c a t e d  by s e v e r a l  f a c t o r s :
a .  t h e  t y p e  and  s e n s i t i v i t y  o f  t h e  a s s a y s  e m p l o y e d ,  and
b .  t h e  r e l e a s e  o f  t h e  enzyme f rom  t h e  c e l l s  o r  s u b s t r a t e s  
s u c h  a s  c e l l u l o s e  ( B e r g  e £  a _ l . ,  1 9 7 2 ) .
C e l l u l a s e  c o m p o n e n t s  A ( c e l l - f r e e ) ,  B ( c e l l - f r e e )  and  C ( c e 11- b o u n d )  
h a v e  b e e n  i s o l a t e d  1 rom P L I u o r e s c e n s  grown on c e l l o b i o s e  o r
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s o p h o r o s e  (Yamane £ t  a j . . ,  1 9 7 1 ) .  The C c om pone n t  i s  l o c a t e d  w i t h ­
i n  t h e  w a l l  o r  a t  a  p e r i p l a s m i c  s i t e  a nd  was s o l u b i l i z e d  by s p h e r o -  
p l a s  t i n g  w i t h  t h e  c o m b in e d  a c t i o n  o f  ly sozym e (E . C .3 . 2 . 1 . 1 7 )  and 
e t h y l e n e d i a m i n o t e t r a a c e t i c  a c i d ( E D T A ) .  The p r e s e n c e  o f  c e l l - b o u n d  
and c e l l - f r e e  c e l l u l a s e s  h a s  b e e n  d e m o n s t r a t e d  when T .  v i r  i d e  i s  
grown u n d e r  c o n d i t i o n s  f a v o r i n g  t h e  p r o d u c t i o n  o f  c e l l u l a s e s  
( N i s i z a w a  et a _ l . ,  1 9 7 1 a ) .  G e 1 l v i b r i o  f u l v u s  p r o d u c e s  b o t h  c e l l -  
bound and  c e l l - f r e e  c e l l u l a s e s  ( B e r g  e_t a l . . ,  1 9 7 2 ) .  The mem brane-  
bound r i b o s o m e s  o f  C e l l v i b r l o  g i l v u s  a p p e a r  t o  be i n v o l v e d  i n  t h e  
s y n t h e s i s  o f  c e l l u l a s e s  ( C a r p e n t e r  and  B a r n e t t ,  1 9 6 7 ) .
MATERIALS AND METHODS
I . M i c r o o r g a n i s m  and  M a i n t e n a n c e
A l l  e x p e r i m e n t s  w e re  p e r f o r m e d  w i t h  a  s t r a i n  o f  C e l l u l o m o n a s  
uda  (ATCC 2 1 3 9 9 ) .  The o r g a n i s m  was grown i n  a  b a s a l  s a l t s  s o l u t i o n  
w h i c h  c o n t a i n e d  ( p e r  l i t e r  d i s t i l l e d  w a t e r ) :  N aC l,  3 . 0  g ;  ( N H ^ ^ S O ^
I . 0 g ; K H 2 P04 , 0 . 5  g ;  K2 HP04 , 0 . 5  g ;  MgS04 , 0 . 1  g ;  and  C a C l 2 , 0 . 1  g .  
C a r b o n  s o u r c e s ,  v i t a m i n s ,  am ino  a c i d s  and  y e a s t  e x t r a c t  w e r e  ad d e d  
a s  i n d i c a t e d .
Ce 1 l u lo m o n a s  uda  was m a i n t a i n e d  on  n u t r i e n t  a g a r  s l a n t s  c o n ­
t a i n i n g  0.17o y e a s t  e x t r a c t .
I I . Growth  M ethods
B a t c h  c u l t u r e s  f o r  enzyme p u r i f i c a t i o n  were  grown i n  a  45
l i t e r  c a r b o y  c o n t a i n i n g  40  l i t e r s  o f  m edium.  The medium c o n s i s t e d
o f  t h e  b a s a l  s a l t s  s o l u t i o n ,  0.17,  y e a s t  e x t r a c t  and  0.57, a l k a l i -
t r e a t e d  c e l l u l o s e  p o w d e r .  The c u l t u r e s  w e r e  m a i n t a i n e d  a t  30 C by
a n  i n f r a r e d  l i g h t  w i t h  a V e r s a  Therm e l e c t r o n i c  t e m p e r a t u r e  c o n t r o l
r e l a y ,  m odel  2149 ( C o l e - P a r m e r  I n s t r u m e n t  and  E q u ip m e n t  Com pany).
V i g o r o u s  a e r a t i o n  and  a g i t a t i o n  was a c h i e v e d  by u s i n g  c o m p r e s s e d
a i r  f i l t e r e d  t h r o u g h  a  25 mm M i l l i p o r e  membrane w i t h  a  p o r o s i t y  o f
0 . 2 2  H . The a c i d i t y  was m a i n t a i n e d  b e t w e e n  pH 6  and  7 by t h e
a d d i t i o n  o f  1 . 0  M NaOH d e l i v e r e d  by a p e r i s t a l t i c  pump,  model  1203
( H a r v a r d  A p p a r a t u s  150,  Dover  R o a d ,  W i l l i s ,  M a s s . ) .  The c u l t u r e s
w e re  grown f o r  72 h r s  and  t h e  c u l t u r e  s u p e r n a t a n t  was c l a r i f i e d  by
c o l l e c t i n g  t h e  c e l l s  by c e n t r i f u g a t i o n  a t  4 0 , 0 0 0  rpm in  a s t e a m
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d r i v e n ,  c o o l e d  S h a r p i e s  S u p e r c e n t r i f u g e .  The c u l t u r e  s u p e r n a t a n t  
was t h e n  c o o l e d  t o  4 C and  t h e  pH a d j u s t e d  t o  pH 4 . 5  w i t h  c o n c e n ­
t r a t e d  HC1.
I I I . D i a l y s  i s
D i a l y s i s  o f  s m a l l  v o lum e s  o f  t h e  enzyme p r e p a r a t i o n  was p e r ­
fo rm ed  u s i n g  c o l l o d i o n - b a g s  SM 13200 ( S a r t o r i u s - M e m b r a n e  F i l t e r  
GmbH, 34 G o t t i n g e n ,  W. G e r m a n y ) .  The s a m p le  was p l a c e d  i n  t h e  
c o l l o d i o n - b a g  w h i c h  was t h e n  f i t t e d  o v e r  a S h e v k y - S t a f f o r d  C e n t r i ­
fuge  Tube ( A r t h u r  H. Thomas C o . ,  P h i l a d e l p h i a ,  P a . )  and  s e c u r e d  
w i t h  a r u b b e r  b a n d .  The t i p  o f  t h e  c e n t r i f u g e  t u b e  e x t e n d e d  t o  
t h e  b o t t o m  o f  t h e  c o l l o d i o n - b a g  t h e r e b y  d i s p l a c i n g  p a r t  o f  t h e  
s a m p le  volume and  i n c r e a s i n g  t h e  membrane s a m p l e  s u r f a c e  c o n t a c t  
a r e a  .
I V . Ion  E x c h a n g e  C h r o m a t o g r a p h y
The io n  e x c h a n g e  m a t e r i a l  u s e d  was Dowex 50W-X2 r e s i n ,  5 0 - 1 0 0  
mesh ( J . T.  Baker  C h e m i c a l  C o . ,  P h i l l i p s b u r g , N. J . ) .  P r i o r  t o  u s e  
t h e  washed  Dowex r e s i n  was h e a t e d  f o r  two h o u r s  i n  a  b o i l i n g  w a t e r  
b a t h  w i t h  an  e q u a l  vo lume o f  1 M NaOH. A bo u t  2 kg o f  t h e  Dowex 
r e s i n  was p a c k e d  in  a g l a s s  co lum n 8 . 5  x 63 cm t o  a  h e i g h t  o f  a b o u t  
48 cm. The i o n  e x c h a n g e  r e s i n  was r e g e n e r a t e d  in  t h e  co lum n by 
a l t e r n a t e l y  w a s h i n g  w i t h  10 l i t e r s  o f  w a t e r ,  4 l i t e r s  o f  1 M h y d r o ­
c h l o r i c  a c i d  a nd  f i n a l l y  b a c k  w a s h e d  w i t h  1 0  l i t e r s  o f  w a t e r  a d ­
j u s t e d  t o  pH 4 . 5  w i t h  h y d r o c h l o r i c  a c i d .
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V . T h i n - L a y e r  C h r o m a t o g r a p h y
T h i n - l a y e r  p l a t e s  w e r e  p r e p a r e d  a c c o r d i n g  t o  S t a h l  and  
K a l t e n b a c h  ( 1 9 6 1 )  f rom  S i l i c a  g e l  C ( E . M e rc k  AG D a r m s t a d t ,  W. 
Germany) b u f f e r e d  w i t h  0 . 0 2  M s o d iu m  a c e t a t e  (Weidemann and  
F i s c h e r ,  1 9 6 4 ) .  The s a m p l e s  w e re  a p p l i e d  2 . 5  cm f rom t h e  b o t t o m  
o f  t h e  p l a t e s  and  d r i e d  by a s t r e a m  o f  u n h e a t e d  a i r .  The c h r o m a ­
t o g r a m s  w e re  d e v e l o p e d  in  an  a s c e n d i n g  m anne r  w i t h  a s o l v e n t  s y s ­
t em  c o n s i s t i n g  o f  e t h y l  a c e t a t e : a c e t i c  a c i d :m e t h a n o l : w a t e r  ( 6 0 : 1 5 :  
1 5 : 1 0  v / v ) . S a t i s f a c t o r y  s e p a r a t i o n  was o b t a i n e d  a f t e r  2 h r  d e ­
v e l o p m e n t .  R e d u c i n g  s u g a r s  w e r e  d e t e c t e d  a c c o r d i n g  t o  S t a h l  and  
K a l t e n b a c h  ( 1 9 6 1 ) .  P l a t e s  were  r em oved  and  a i r  d r i e d  b e f o r e  s p r a y ­
i n g  w i t h  t h e  a n i s a l d e h y d e - s u l f u r i c  a c i d  r e a g e n t  ( 1  ml c o n e  . s u l ­
f u r i c  a c i d ,  0 . 5  ml  a n i s a l d e h y d e  and  50 ml g l a c i a l  a c e t i c  a c i d ) .  
A f t e r  s p r a y i n g ,  t h e  p l a t e s  were  h e a t e d  f o r  30 min  a t  110 C. R e ­
d u c i n g  s u g a r s  p r o d u c e d  a  b l u e  s p o t  w h i c h  c o u l d  be o b s e r v e d  on a  
r e d  b a c k g r o u n d .
V I . Zone E l e c t r o p h o r e s i s  on C e l l u l o s e  A c e t a t e  F i lm s
The m ethod  by Yamane et^  a_l. ( 1 9 7 0 a )  f o r  zone  e l e c t r o p h o r e s i s  
o f  c e l l u l o s e  p r e p a r a t i o n  was c o n d u c t e d  a t  a t e m p e r a t u r e  o f  a b o u t  
4 C f o r  2 h r  on s t r i p s  o f  c e l l u l o s e  a c e t a t e  f i l m  ( 2 . 5  x 15 cm, 
" S e p r a p h o r e  I I I "  f rom Geiman I n s t r u m e n t  Company,  Ann A r b o r ,  
M i c h i g a n )  w i t h  a  c o n s t a n t  c u r r e n t  o f  0 . 6  ma/cm and v a r y i n g  f i e l d  
s t r e n g t h  s u p p l i e d  by  a  H e a t h k i t  R e g u l a t e d  Power S u p p l y ,  Model  
I P - 3 2 .  V e r o n a l  b u f f e r  pH 8 . 6  was u s e d .  The s t r i p s  w e re  c u t  
c r o s s w i s e  i n t o  1 cm-wide  s e g m e n t s  a f t e r  t h e  e l e c t r o p h o r e s i s  was
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c o m p l e t e d .  The s e g m e n t s  w e r e  p l a c e d  i n  1 ml  o f  f .1 M so d iu m  
a c e t a t e  b u f f e r  pH 5 . 5  (NaAc) o v e r n i g h t  an d  t h e  c e l l u l a s e  a c t i v i t y  
i n  e a c h  s e g m e n t  was a s s a y e d  by  i n c u b a t i n g  w i t h  1 ml  o f  0 .57,  CMC 
a t  40  C . A l i q u o t s  w e r e  rem oved  a t  i n t e r v a l s  d u r i n g  a  1 h r  i n c u ­
b a t i o n  t i m e  an d  t h e  i n c r e a s e  i n  r e d u c i n g  power  was m e a s u r e d  by 
t h e  n e o c u p r o i n e  m e t h o d .
V I I . P o l y a c r y l a m i d e  D i s c  G e l  E l e c t r o p h o r e s i s
P o l y a c r y l a m i d e  d i s c  g e l  e l e c t r o p h o r e s i s  was p e r f o r m e d  a s  d e s ­
c r i b e d  by D a v i s  (1 9 6 4 )  and  O r n s t e i n  (1 9 6 4 )  . P r o t e i n  s a m p l e s  were  
a p p l i e d  t o  t h e  g e l s  i n  e i t h e r  s u c r o s e  o r  g l y c e r o l .  B rom pheno l  
b l u e  was u t i l i z e d  a s  t h e  t r a c k i n g  d y e .  A c u r r e n t  o f  4 ma p e r  g e l  
was s u p p l i e d  by a  H e a t h k i t  R e g u l a t e d  Power S u p p l y ,  Model  I P - 3 2 .  
C o m p l e t e d  g e l s  w e r e  r o u t i n e l y  s t a i n e d  f o r  p r o t e i n  w i t h  1% am ido  
b l a c k  10B ( b u f f a l o  b l a c k )  i n  7% a c e t i c  a c i d  f o r  1 m i n .  G e l s  were  
d e s t a i n e d  i n  77» a c e t i c  a c i d  on a  r e c i p r o c a t i n g  s h a k e r .
G e l s  t o  be u s e d  f o r  d e t e c t i n g  t h e  a c t i v i t y  e i t h e r  by s t a i n i n g  
o r  e l u t i o n  w e re  p r o t e c t e d  from e x c e s s i v e  h e a t  d u r i n g  e l e c t r o p h o ­
r e s i s  by a d j u s t i n g  t h e  l o w e r  b u f f e r  l e v e l  t o  1 cm b e lo w  t h e  t o p  g e l  
t u b e  s u p p o r t  an d  p l a c i n g  t h e  l o w e r  b u f f e r  c ham ber  i n  an  i c e  b a t h .  
The u p p e r  b u f f e r  was c o o l e d  by t e s t  t u b e s  c o n t a i n i n g  e t h a n o l  and  
d r y  i c e .
G e l s  t h a t  w e re  t o  be e l u t e d  w e re  m e a s u r e d  and  s l i c e d  w i t h  a  
g e l  s l i c e r  t o  g i v e  s e c t i o n s  1 .6  mm t h i c k .  Each  s e c t i o n  was e l u t e d  
w i t h  0 . 5  ml o f  NaAc b u f f e r  f o r  12 h o u r s .  C e l l u l a s e  a c t i v i t y  was 
a s s a y e d  by a d d i n g  0 . 5  ml o f  5 mg/tnl CMC in  NaAc b i i f l e r .  The l u b e s
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c o n t a i n i n g  t h e  r e a c t i o n  m i x t u r e  w e r e  i n c u b a t e d  f o r  15 m in  a t  40  C . 
R e d u c i n g  s u g a r s  w e re  d e ' e c t e d  by t h e  n e o c u p r o i n e  m e th o d  a f t e r  t h e  
g e l  s l i c e s  w e r e  r e m o v e d .
V I I I .  D e n s i t y  G r a d i e n t  C e n t r i f u g a t i o n
The m o l e c u l a r  w e i g h t  o f  t h e  C e l l u l o m o n a s  uda  c e l l u l a s e  was 
d e t e r m i n e d  i n  g l y c e r o l  d e n s i t y  g r a d i e n t s  a c c o r d i n g  t o  t h e  m ethod  
o f  M a r t i n  and  Ames ( 1 9 6 1 )  u s i n g  4 . 6  ml g r a d i e n t s .  L i n e a r  g r a d i e n t s  
w e re  p r e p a r e d  w i t h  a B u c h l e r  G r a d i e n t  Maker  ( B u c h l e r  I n s t r u m e n t s ,  
F o r t  L e e ,  N.  J . )  u s i n g  8 % and  337» g l y c e r o l  s o l u t i o n s  ( w / v )  i n
0 . 0 5  M T r i s - H C l  b u f f e r  (pH 7 . 0 ) .  The f i n a l  vo lume o f  t h e  enzyme 
an d  s t a n d a r d s  l a y e r e d  on t h e  g r a d i e n t s  was 0 . 2  m l .  The g r a d i e n t s  
w e re  c e n t r i f u g e d  a t  6 0 , 0 0 0  rpm f o r  18 h r  a t  4 C in  a  SW-65 s w i n g i n g  
b u c k e t  r o t o r  i n  a Beckman L2-65B p r e p a r a t i v e  u l t r a c e n t r i f u g e .  
H e m o g lo b in  ( m o l .  w t . 6 2 , 0 0 0 ) ,  o v a l b u m i n  ( m o l .  w t . 4 3 , 0 0 0 ) ,  chymo- 
t r y p s i n o g e n  A ( m o l .  w t . 2 5 , 7 0 0 )  and  c y t o c h r o m e  C ( m o l .  w t . 1 3 , 4 0 0 )  
w ere  u s e d  a s  m o l e c u l a r  w e i g h t  s t a n d a r d s .  A f t e r  c e n t r i f u g a t i o n ,  
t h e  b o t t o m s  o f  t h e  p o l y a l l o m e r  t u b e s  (^  x 2 i n ,  Beckman I n s t r u ­
m e n t s )  w e r e  p u n c t u r e d  and  1 0  d r o p  s a m p l e s  w e r e  c o l l e c t e d  u s i n g  a 
B u c h l e r  d r o p - c o u n t i n g  f r a c t i o n  c o l l e c t o r .  The f r a c t i o n s  c o n t a i n i n g  
t h e  s t a n d a r d s  w e r e  l o c a t e d  by  e x a m i n i n g  t h e  o p t i c a l  d e n s i t y  a t  the  
a p p r o p r i a t e  wave l e n g t h s  (405  run f o r  h e m o g l o b i n ,  415  nir. f o r  c y t o ­
chrome C and  280 nm f o r  c h y m o t r y p s i n o g e n  A and  o v a l b u m i n ) .  The 
c e l l u l a s e  t r a c t i o n s  w e r e  l o c a t e d  by d e t e r m i n i n g  t h e  r e d u c i n g  s u g a r  
c o n c e n t r a t i o n  p r e s e n t  by t h e  n e o c u p r o i n e  m ethod  u s i n g  CMC a s  t h e  
s u b s t r a t i ’ .
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A ssum ing  t h a t  t h e  d i s t a n c e  o f  m i g r a t i o n  o f  e a c h  p r o t e i n  i s  
d i r e c t l y  p r o p o r t i o n a l  t o  i t s  s e d i m e n t a t i o n  c o n s t a n t ,  t h e  m o l e c u l a r  
w e i g h t  o f  t h e  enzyme was c a l c u l a t e d  u s i n g  t h e  d i s t a n c e  o f  m i g r a t i o n  
a s  f o l l o w s :
d iVd2  = (MW1 /MW2 ) 2 / 3  
w he re  MW^  = m o l e c u l a r  w e i g h t  o f  a s t a n d a r d  r e f e r e n c e  m a r k e r .
MW2  = m o l e c u l a r  w e i g h t  o f  unknown p r o t e i n ,  d^  = d i s t a n c e  m i g r a t e d  
by a s t a n d a r d  r e f e r e n c e  m a r k e r ,  d 2  = d i s t a n c e  m i g r a t e d  by t h e  u n ­
known p r o t e i n .
I X . A s s a y  M ethods
A.  A s s a y  o f  / J - g l u c o s i d a s e  and  e x o - / 9 - l - 4  g l u c a n a s e  a c t i v i t y .
^ - G l u c o s i d a s e  and e x o - / J - l - 4  g l u c a n a s e  a c t i v i t i e s  were  e s t i ­
m a t e d  by m e a s u r i n g  s p e c t r o p h o t o m e t r i c a l l y  t h e  r e l e a s e  o f  p - n i t r o -  
p h e n o l  f rom p - n i t r o p h e n y l -  0 - D - g l u c o s i d e  (PNPG) ( C a l b i o c h e m . ,  Los 
A n g e l e s ,  C a l i f . ) .  T w o - t e n t h s  ml  o f  t h e  enzyme p r e p a r a t i o n  was 
a d d e d  t o  0 . 3  ml o f  0 . 1  M so d iu m  p h o s p h a t e  b u f f e r  a t  pH 6 . 5  and
0 . 5  ml o f  2 x 10"3 M PNPG was ad d e d  t o  make t h e  r e a c t i o n  m i x t u r e  
t o t a l  vo lume  t o  1 . 0  m l .  A f t e r  a  s u i t a b l e  i n c u b a t i o n  a t  40  C th e  
a c t i v i t y  o f  t h e  enzyme was s t o p p e d  by a d d i n g  2 . 0  ml o f  0 . 2 5  M 
s o d iu m  c a r b o n a t e .  The i n t e n s i t y  o f  t h e  y e l l o w  c o l o r  t h a t  d e v e l o p e d  
d u r i n g  t h e  h y d r o l y s i s  o f  t h e  s u b s t r a t e  was m e a s u r e d  a t  400  nm in  a 
Beckman DB s p e c t r o p h o t o m e t e r .  A u n i t  o f  enzyme was d e f i n e d  a s  t h a t  
amount  o f  enzyme r e q u i r e d  t o  r e l e a s e  1 fi m o le  o f  p - n i t r o p h e n o l  f rom 
PNPG p e r  m i n u t e  u n d e r  t h e  a s s a y  c o n d i t i o n s  d e s c r i b e d .
22
B. A s s a y  o f  # - g a l a c t o s i d a s e  a c t i v i t y .
f l - G a l a c t o s i d a s e  a c t i v i t y  was d e t e r m i n e d  i n  t h e  same m anne r  a s  
/ } - g l u c o s i d a s e  e x c e p t  t h a t  O - n i t r o p h e n y l - £  - D - g a l a c t o s i d e  (ONPG) 
( C a l b i o c h e m .  Los A n g e L e s ,  C a l i f . )  was s u b s t i t u t e d  f o r  t h e  PNPG.
C .  A s s a y  o f  c e l l u l a s e  a c t i v i t y
The q u a n t i t a t i v e  a s s a y  u s e d  t o  d e t e r m i n e  t h e  a c t i v i t y  o f  
c e l l u l a s e  c o n s i s t e d  o f  a t e s t  s o l u t i o n  and  a h e a t  i n a c t i v a t e d  
b l a n k .  The t e s t  and  b l a n k  b o t h  c o n t a i n e d  0 . 1  ml o f  t h e  enzyme 
p r e p a r a t i o n  and  1 . 9  ml o f  NaAc b u f f e r .  The t e s t  s o l u t i o n  was p r e ­
i n c u b a t e d  f o r  5 min a t  4 0  C and  t h e n  1 . 0  ml o f  0.57„ c a r b o x y m e t h y  1 
c e l l u l o s e  (CMC) i n  NaAc was a d d e d  and  m i x e d .  A f t e r  a 10 min  i n c u ­
b a t i o n  p e r i o d ,  1 . 0  ml was removed f o r  t h e  d e t e r m i n a t i o n  o f  t h e  
l e v e l  o f  r e d u c i n g  s u g a r s  p r e s e n t .  The b l a n k  t u b e  c o n t a i n i n g  t h e  
b u f f e r  and  enzyme was b o i l e d  f o r  10 m i n ,  c o o l e d ,  1 . 0  ml  o f  CMC s u b ­
s t r a t e  a d d e d ,  m ix e d  and  t h e n  1 . 0  ml  removed f o r  t h e  d e t e r m i n a t i o n  
o f  r e d u c i n g  s u g a r s .  I n  a l l  c a s e s  w h e r e  b o i l i n g  o f  t e s t  t u b e s  was 
r e q u i r e d  t h e  t u b e s  w ere  c o v e r e d  w i t h  g l a s s  m a r b l e s  t o  p r e v e n t  e x ­
c e s s i v e  l o s s  due t o  e v a p o r a t i o n .
1.  C o l o r i m e t r i c  d e t e r m i n a t i o n
The amount  o f  r e d u c i n g  s u g a r s  p r e s e n t  i n  a s a m p le  was com­
p a r e d  a g a i n s t  a s t a n d a r d  c u r v e  u s i n g  g l u c o s e  a s  t h e  s t a n d a r d .
a .  F e r r i c y a n i d e  m e t h o d .  The f e r r i c y a n i d e  m ethod  o f  
P a r k  and J o h n s o n  ( 1 9 4 9 )  was t h e  m os t  s e n s i t i v e  m ethod  u s e d  ( 1 - 9  /ig 
o f  g l u c o s e ) ,  how e ve r  i t  was a f f e c t e d  by t h e  p r e s e n c e  o f  i n t e r f e r i n g  
s u b s t a n c e s  t h a t  o f t e n  r e s u l t e d  in  p r e c i p i t a t i o n  o f  t h e  c o l o r  r e ­
a c t i o n .  To 1 ml ol .sample t h e  fo l l o w in g ,  r e a g e n t s  were  a d d e d  I ml
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o f  f e r r i c y a n i d e  s o l u t i o n  ( 0 . 5  g p o t a s s i u m  f e r r i c y a n i d e  p e r  l i t e r  o f  
w a t e r )  and  1 ml o f  c a r b o n a t e - c y a n i d e  r e a g e n t  ( 5 . 3  g o f  s o d iu m  c a r ­
b o n a t e  an d  0 . 6 5  g o f  p o t a s s i u m  c y a n i d e  p e r  l i t e r  o f  s o l u t i o n ) .
The m i x t u r e  was t h e n  h e a t e d  i n  a b o i l i n g  w a t e r  b a t h  f o r  15 
m i n ,  c o o l e d  a nd  5 ml o f  f e r r i c  i r o n  r e a g e n t  was a d d e d .  The f e r r i c  
i r o n  r e a g e n t  was m o d i f i e d  i n  t h e  f o l l o w i n g  m a n n e r :  t h e  c o n c e n t r a ­
t i o n  o f  1 . 0  g o f  D u p o n o l  ( s o d i u m  m o n o l a u r y l  s u l f a t e )  was m o d i f i e d  
t o  1 . 5  g o f  so d iu m  d o d e c y l  s u l f a t e / l i t e r  and  t h e  0 . 0 5  N H2 SO4  was 
c h a n g e d  t o  0 . 0 8 5  N H2 SO4 . The amount  o f  f e r r i c  ammonium s u l f a t e  
r e m a i n e d  u n c h a n g e d  a t  1 . 5  g / l i t e r .  The t u b e s  were m ixed  and  a l l o w ­
ed  t o  s t a n d  f o r  30 min  b e f o r e  t h e  a b s o r b a n c e  o f  t h e  s o l u t i o n  was 
r e a d  a t  690 nm on a Beckman DB s p e c t r o p h o t o m e t e r  a g a i n s t  a  r e a g e n t  
b l a n k .
b .  N e o c u p r o i n e  m e t h o d .  An im proved  m ethod  f o r  d e t e r ­
m i n i n g  r e d u c i n g  s u g a r s  d e s c r i b e d  by D y g e r t  ^ t  a_l. ( 1 9 6 5 )  u t i l i z i n g  
n e o c u p r o i n e  h y d r o c h l o r i d e  ( 2 , 9 - d i m e t h y 1 - 1 , 1 0 - p h e n a n t h r o l i n e - H C 1, 
A l d r i c h  C h e m i c a l  C o . ,  M i l w a u k e e ,  W i s e . ) .  The n e o c u p r o i n e  fo rm s  a 
c o l o r e d  c om ple x  by s p e c i f i c a l l y  c h e l a t i n g  w i t h  t h e  Cu+ io n  p r o d u c e d  
by t h e  o x i d a t i o n  o f  r e d u c i n g  s u g a r s .  The r a n g e  o f  t h e  m ethod  i s  
f rom 5 t o  30 n g o f  g l u c o s e  n o r m a l l y  b u t  may be e x t e n d e d  f rom 5 t o  
125 / ig  o f  g l u c o s e  by a l t e r i n g  r e a g e n t  c o n c e n t r a t i o n s .  The r e a g e n t s  
and c o n d i t i o n s  u s e d  f o r  a r a n g e  o f  2 t o  24 g o f  g l u c o s e  i n  one ml 
o f  s a m p l e  were  a s  f o l l o w s :  one  ml o f  r e a g e n t  A (40  g a n h y d r o u s
Na2 C0 3 , 16 g g l y c i n e  and  0 . 4 5 0  g CuSO^-Sl^O p e r  l i t e r  o f  w a t e r )  
a l o n g  w i t h  one ml o f  r e a g e n t  B ( 0 . 1 2  g n e o c u p r o i n e / 100 ml w a t e r )
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w e re  a d d e d  t o  one ml o f  s a m p le  an d  p l a c e d  i n  a b o i l i n g  w a t e r  b a l l i  
f o r  12 m i n .  The s o l u t i o n  was t h e n  c o o l e d  and d i l u t e d  t o  10 m l .
The t u b e s  were  m ixed  an d  t h e  a b s o r b a n c e  o f  t h e  s o l u t i o n  was r e a d  
a t  450  nm.
2 . V i s c o m e t r i c  Method
C e l l u l a s e  a c t i v i t y  was m e a s u r e d  i n  a n  O s t w a l d  v i s c o s i -  
m e t e r .  The r e a c t i o n  m i x t u r e  c o n t a i n e d  0 . 1  ml o f  enzyme s o l u t i o n ,
3 ml o f  0.57« CMC, 7L,  and  1 . 9  ml o f  NaAc b u f f e r  t o  g i v e  a t o t a l  
vo lume o f  5 m l . The enzyme b u f f e r  m i x t u r e  an d  th e  CMC s o l u t i o n  
w e re  p r e i n c u b a t e d  s e p a r a t e l y  a t  40  C . A t  t im e  0 ,  3 ml o f  t h e  CMC 
s u b s t r a t e  was a d d e d  t o  t h e  enzyme b u f f e r  s o l u t i o n ,  m ix ed  and  t h e n  
i n t r o d u c e d  i n t o  t h e  O s t w a l d  v i s c o s i m e t e r  i n  w h ic h  t h e  f l o w  t i m e  o f  
w a t e r  was 54 s e c  a t  40  C. The i n c u b a t i o n  t i m e ,  t c m c , was e q u a l  t o  
t h e  e l a p s e d  t im e  f rom  t h e  b e g i n n i n g  o f  t h e  i n c u b a t i o n  t o  t h e  
moment  when t h e  v i s c o s i t y  m e a s u r e m e n t  s t a r t e d  p l u s  h a l f  t h e  e f f l u x  
t i m e  o f  t h e  v i s c o s i m e t e r .  D e c r e a s e  i n  v i s c o s i t y  o f  t h e  m i x t u r e  was 
m e a s u r e d  a t  i n t e r v a l s  d u r i n g  i n c u b a t i o n  a t  40  C and  t h e  r a t e  o f  i n ­
c r e a s e  i n  f l u i d i t y ,  v = d ( l /> 7 Sp ) / d t  was c a l c u l a t e d  (Thomas ,  1 9 5 6 ) .
U s in g  d i s t i l l e d  w a t e r  a s  t h e  r e f e r e n c e  l i q u i d  t h e  r e l a t i v e  
v i s c o s i t y  (>7r ) o f  t h e  CMC s o l u t i o n  c a n  be c a l c u l a t e d  from t h e  r a t i o  
o f  t h e  v i s c o s i t i e s  i n  t h e  f o l l o w i n g  e q u a t i o n :
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^ 1 d l  fcl
^ 2 d 2  t 2
^ 1 = r e l a t i v e  v i s c o s i t y  o f  CMC s o l u t i o n
n2 = r e l a t i v e  v i s c o s i t y  o f  H2 0 a t 40  C
d i = d e n s i t y  o f  CMC s o l u t i o n
d 2
= d e n s i t y  o f  H2 0 a t  4 0  C
fcl = e f f l u x  t im e  i n s e c  o f  CMC s o l u t i o n
l2 = e f f l u x  t im e  i n s e c  o f  H2 0 a t 4 0  C
( 1)
The s p e c i f i c  v i s c o s i t y  (>7s p)  o f  t h e  CMC s o l u t i o n  c a n  be c a l c u ­
l a t e d  u s i n g  e q u a t i o n  1 and  t h e  r e l a t i o n s h i p  17 = T j . - ! a s  g i v e n  in
e q u a t i o n  2 .  The r e c i p r o c a l  o f  t h e  s p e c i f i c  v i s c o s i t y  c a n  t h e n  be 
d e t e r m i n e d  by r e a r r a n g i n g  e q u a t i o n  2 t o  t h e  fo rm  o f  e q u a t i o n  3 a s  
shown b e lo w :
/ *2 dl *1 \
\  d2 4  )^ P c m c  ------------------------ 1 ^  (2>
1 / r , s Pcmc ( \  d l t l  \  ( 3 )I 2
\ d 2  t 2  /
The c a l c u l a t i o n s  w e re  r e a r r a n g e d  t o  a  fo rm  s u i t a b l e  f o r  a
c o m p u t e r :  (Monroe 1766 P ro g ra m m a b le  E l e c t r o n i c s  P r i n t e r  e q u i p p e d
w i t h  a  CR-1 c a r d  r e a d e r ,  O r a n g e ,  N. J . ) -
The i n c r e a s e  i n  f l u i d i t y ,  V = d ( l / i 7 ) / d t  was m e a s u r e d  a s  t h es p
s l o p e  o f  t h e  l i n e a r  p o r t i o n  o f  t h e  p l o t  l /»Jcr . v s  t .b p
3 . Di.3c G e l  A c t i v i t y  S t a i n
The a c t i v i t y  s t a i n  v a s  a  m o d i f i c a t i o n  o f  t h e  m ethod  d e s c r i b e d  
by  G a b r i e l  and Wang ( 1 9 6 9 ) .  G e l s  w e re  p r e p a r e d  a s  p r e v i o u s l y  d e s ­
c r i b e d  w i t h  t h e  a d d i t i o n  o f  5 mg o f  CMC i n  w a t e r  t o  t h e  lo w e r  g e l  t o  
g i v e  a  CMC c o n c e n t r a t i o n  o f  625 g / m l .
A f t e r  e l e c t r o p h o r e s i s  t h e  g e l s  w e r e  rem oved  and  p l a c e d  i n  t u b e s  
c o n t a i n i n g  NaAc b u f f e r  and  i n c u b a t e d  f o r  15 m in  a t  40  C . The g e l s  
w e r e  t h e n  r i n s e d  i n  w a t e r  and  t r a n s f e r r e d  t o  a t u b e  c o n t a i n i n g  0 . 1  M 
i o d o a c e t a m i d e  f o r  5 m in  a t  room t e m p e r a t u r e .  The g e l s  a f t e r  r i n s i n g  
w i t h  d i s t i l l e d  w a t e r  w e re  immersed  i n  a  f r e s h l y  p r e p a r e d  s o l u t i o n  
c o n s i s t i n g  o f  0 .  17» 2 ,3  ,5 , - t r  i p h e n y l t e t r a z o l i u m  c h l o r i d e  i n  0 . 5  N 
NaOH and  h e a t e d  i n  a b o i l i n g  w a t e r  b a t h  u n t i l  a p i n k  b a c k g r o u n d  
a p p e a r e d .  The g e l s  w e r e  t h e n  w ashed  i n  w a t e r  and  s t o r e d  i n  77« 
a c e t i c  a c i d .  A r e d  band  i n d i c a t e d  c e l l u l a s e  a c t i v i t y .
X . D e t e r m i n a t i o n  o f  P r o t e i n
Q u a n t i t a t i v e  p r o t e i n  d e t e r m i n a t i o n s  w e r e  made a c c o r d i n g  t o  t h e  
c o l o r i m e t r i c  m ethod  o f  Lowry e_t a l . ( 1 9 5 1 )  w i t h  t h e  F o l i n  C i o c a l t e a u  
p h e n o l  r e a g e n t .  C r y s t a l l i n e  b o v i n e  s e ru m  a l b u m i n  was u s e d  a s  t h e  
s t a n d a r d .  In  p r o c e d u r e s  w he re  f r a c t i o n s  were  c o l l e c t e d  p r o t e i n  was 
d e t e c t e d  by  m e a s u r i n g  t h e  a b s o r b a n c e  a t  280 nm.
RESULTS
I .  P u r i f i c a t i o n  o f  C e l l u l o m o n a s  uda  C e l l u l a s e
A p u r i f i c a t i o n  scheme f o r  t h e  c e l l u l a s e  was d e v i s e d  by 
a t t e m p t i n g  c o m b i n a t i o n s  o f  many s t a n d a r d  p u r i f i c a t i o n  p r o c e d u r e s .  
The s e q u e n c e  o f  t r e a t m e n t s  and  t y p i c a l  r e s u l t s  a r e  shown i n  T a b l e  
1 .
A. D e t e r m i n a t i o n  o f  i n i t i a l  c e l l u l a s e  a c t i v i t y
The c u l t u r e  f i l t r a t e  was u n s u i t a b l e  f o r  c e l l u l a s e  d e t e r m i n a ­
t i o n  u s i n g  e i t h e r  o f  t h e  c o l o r i m e t r i c  m e t h o d s  u s u a l l y  e m p l o y e d .  
I n t e r f e r i n g  s u b s t a n c e s  had  t o  be rem oved  an d  a  c o n c e n t r a t i o n  o f  
t h e  p r o t e i n  a c h i e v e d  i n  o r d e r  t o  o b t a i n  s u i t a b l e  m a t e r i a l  f o r  
i n i t i a l  c e l l u l a s e  a c t i v i t y  d e t e r m i n a t i o n s .  S o l i d  ammonium s u l f a t e  
was a d d e d  s l o w l y ,  w i t h  c o n s t a n t  s t i r r i n g ,  u n t i l  t h e  s o l u t i o n  ( 2 0 0  
m l)  was 807o s a t u r a t e d  (561  g / 1 )  and  a l l o w e d  t o  s t a n d  o v e r n i g h t  a t  
4 C. The p r e c i p i t a t e  was c o l l e c t e d  by  c e n t r i f u g a t i o n  a t  3 0 , 0 0 0  x 
g f o r  30 m i n .  The p r e c i p i t a t e  was r e s u s p e n d e d  i n  e n o u g h  s t a n d a r d  
so d iu m  a c e t a t e  b u f f e r  t o  g i v e  5 - 10 ml t o t a l  vo lume o f  enzyme 
p r e p a r a t i o n  w h i c h  was u s e d  f o r  d e t e r m i n i n g  t h e  i n i t i a l  c e l l u l a s e  
a c t i v i t y .
B . Dowex 50W-X2 i o n  e x c h a n g e  a b s o r p t i o n
The c u l t u r e  f i l t r a t e  was c o o l e d  t o  4 C and  t h e n  a d j u s t e d  t o  
pH 4 . 5  w i t h  c o l d  1 N HC1. Maximum a b s o r p t i o n  was a c h i e v e d  a r o u n d  
pH 4 . 5  w i t h  no a b s o r p t i o n  o c c u r r i n g  a b o v e  pH 5 . 5  an d  a  75% l o s s  o f  
a c t i v i t y  a t  pH 4 . 0  i n  24 h r s  . A maximum o f  35 l i t e r s  o f  t h e
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T a b l e  1. P u r i f i c a t i o n  o f  C e l l u l o m o n a s  uda  c e l l u l a s e .
T r e a t m e n t T o t a l
vo lum e
(ml)
T o t a l
p r o t e i n
(mg)
T o t a l
enzyme
( u n i t )
Enzyme
y i e l d
a )
S p e c i f i c  
a c t i v i t y  
( u n i t / m g )
P u r i f i ­
c a t i o n
f a c t o r
C u l t u r e  s u p e r n a t a n t 1 0 5 , 0 0 0 . 0 1 7 , 3 2 5 . 0 0 6 8 , 4 9 5 . 0 1 0 0 . 0 3 .9 5 1 . 0 0
Dowex 50 W-X2 3 , 4 0 7 . 0 2 , 6 3 0 . 4 0 5 5 , 0 4 5 . 0 8 0 . 4 2 0 .9 3 5 . 3 0
U l t r a f i l t r a t i o n
XM-100 4 , 7 0 0 . 0 2 , 3 1 5 . 2 0 4 5 , 2 4 7 . 0 6 6 . 1 1 9 .5 4 4 . 9 0
U l t r a f i l t r a t i o n  
PM-10 7 0 .5 2 0 6 .0 0 3 3 , 9 3 5 . 0 4 9 . 5 1 6 4 .7 3 4 1 . 7 0
E t h y l  a l c o h o l  
p r e c i p i t a t i o n 2 5 .6 4 1 . 4 1 3 1 , 0 1 7 . 0 4 5 . 3 749 .0 2 189 .6 0
L y o p h i l i z a t i o n 1 3 .5 4 1 . 0 8 3 0 , 3 6 6 . 0 4 4 . 3 7 3 9 .1 9 187 .1 3
P r e p a r a t i v e  g e l  
e l e c t r o p h o r e s i s




c u l t u r e  f i l t r a t e  a t  a f l o w  r a t e  o f  a b o u t  2  l i t e r s / h r  was p a s s e d  
t h r o u g h  t h e  Dowex 50W-X2 co lum n  ( p r e p a r e d  a s  g i v e n  i n  t h e  
m a t e r i a l s  and  m e t h o d s  s e c t i o n ) .  The co lum n was t h e n  w a s h e d  w i t h  
10 l i t e r s  o f  d i s t i l l e d  w a t e r  a d j u s t e d  w i t h  IN HC1 t o  a pH o f  4 . 5 .
The co lum n  was t h e n  d r a i n e d  and  t h e  Dowex r e s i n  removed  and  d i v i d e d  
i n t o  f i v e  e q u a l  p o r t i o n s .  The c e l l u l a s e  was e l u t e d  by t h e  a d d i t i o n  
o f  1 M ammonium a c e t a t e  a d j u s t e d  t o  a  pH o f  9 . 5  w i t h  c o n c e n t r a t e d  
ammonium h y d r o x i d e .  A f t e r  t h e  a d d i t i o n  o f  t h e  b u f f e r  t h e  pH was 
f u r t h e r  a d j u s t e d  t o  a pH o f  9 . 5  w i t h  c o n c e n t r a t e d  ammonium h y d r o x i d e .  
The Dowex r e s i n  was g e n t l y  s t i r r e d  f o r  1 h r  and  t h e  l i q u i d  removed 
by s u c t i o n  f i l t r a t i o n  t h r o u g h  a  B uc hne r  c o u r s e  s i n t e r e d  g l a s s  f i l t e r .  
T h i s  p r o c e s s  o f  e l u t i o n  was r e p e a t e d  3 t i m e s  f o r  e a c h  o f  t h e  5 
p o r t i o n s  o f  Dowex r e s i n .  The f i r s t  e l u t i o n  b u f f e r  f rom Dowex r e s i n  
b a t c h  1 was u s e d  f o r  t h e  f i r s t  e l u t i o n  o f  Dowex r e s i n  b a t c h  2 
t h r o u g h  Dowex r e s i n  b a t c h  5 .  The ab o v e  s e q u e n c e  was a l s o  u s e d  f o r  
t h e  s e c o n d  and  t h i r d  e l u t i o n  b u f f e r s .  B a t c h  e l u t i o n  g a v e  h i g h e r  
y i e l d s  o f  enzyme r e c o v e r y  t h a n  co lum n e l u t i o n  p r o b a b l y  b e c a u s e  o f  
e x t r e m e s  i n  pH c h a n g e s  e n c o u n t e r e d  in  t h e  c o l u m n .  The pH o f  t h e
enzyme p r e p a r a t i o n  was a d j u s t e d  t o  pH 8 . 5  w i t h  g l a c i a l  a c e t i c  a c i d
and  c l a r i f i e d  by c e n t r i f u g a t i o n  a t  1 0 ,0 0 0  g f o r  30 m in .
C.  U l t r a f i l t r a t i o n
The Amicon U l t r a f i l t r a t i o n  s y s t e m  was em p lo y e d  a s  a m ethod  o f  
c o n c e n t r a t i o n ,  m o l e c u l a r  s e p a r a t i o n  and  d i a l y s i s  o f  t h e  enzyme p r e ­
p a r a t i o n .  The a p p a r a t u s  c o n s i s t e d  o f  t h e  t h i n - c h a n n e l  f i l t r a t i o n
s y s t e m  (TCF10) e q u i p p e d  w i t h  a 2 . 4  l i t e r  c a p a c i t y  RG 3 f i b e r g l a s s
r e s e r v o i r .  The s y s t e m  was p r e s s u r i z e d  w i t h  n i t r o g e n  g a s .  The
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c e l l u l a s e  was found  t o  p a s s  t h r o u g h  XM-100, XM-50 and  PM-30 D i a f l o  
m e m b r a n e s ,  i f  p a s s e d  t h r o u g h  e a c h  membrane i n  s e q u e n c e .  I f  t h e  
s e q u e n c e  was a l t e r e d ,  t h e  p a s s a g e  o f  t h e  c e l l u l a s e  was r e d u c e d  
d r a s t i c a l l y .  The c e l l u l a s e  d i d  n o t  p a s s  t h r o u g h  t h e  PM-10 D i a i l o  
membrane w h i c h  c o u l d  t h e r e f o r e  be u s e d  f o r  c o n c e n t r a t i o n  and
d i a l y s i s .  The i n i t i a l  u l t r a f i l t r a t i o n  was p e r f o r m e d  a t  a pH o f  8 . 5
t o  r e t a r d  m i c r o b i a l  g r o w t h .  The s u p e r n a t a n t  r e t a i n e d  (100  m l )  by 
t h e  XM-100 membrane was d i l u t e d  w i t h  one l i t e r  o f  0 . 1  M ammonium 
a c e t a t e  b u f f e r  pH 8 . 5  and  r e f i l t e r e d .  The u l t r a f i l t r a t e  f rom  t h e
XM-100 membrane was t h e n  c o n c e n t r a t e d  on a  PM-10 membrane t o  a
vo lume o f  a b o u t  50 m l .  The r e t a i n e d  enzyme p r e p a r a t i o n  was t h e n  
d i a l y z e d  a g a i n s t  500  ml o f  0 . 0 5  M t r i s  p h o s p h a t e  b u f f e r ,  pH 7 . 2 .
The XM-100 membrane was u t i l i z e d  t o  r emove  a  y e l l o w  p a r t i c u l a t e  
m a t e r i a l  t h a t  wou ld  i n t e r f e r e  w i t h  l a t e r  s t e p s  i n  t h e  p u r i f i c a t i o n  
p r o c e d u r e .  The y e l l o w  m a t e r i a l  c o u l d  a l s o  be removed by c e n t r i f u ­
g a t i o n  a t  1 0 0 , 0 0 0  g f o r  1 h o u r .
D. E t h y l  a l c o h o l  p r e c i p i t a t i o n
The enzyme p r e p a r a t i o n  f rom  t h e  u l t r a f i l t r a t i o n  s t e p  was p r e ­
c i p i t a t e d  by  a d d i n g  2 vo lum es  o f  95% e t h y l  a l c o h o l  c o o l e d  t o  - 2 0  C.
The p r e c i p i t a t e  was r e c o v e r e d  by  c e n t r i f u g a t i o n  a t  1 0 , 0 0 0  g and  r e ­
d i s s o l v e d  i n  a  minimum amount  o f  0 . 0 5  M t r i s  p h o s p h a t e  b u f f e r ,  pH 
7 . 2 .  I t  was found  t h a t  t h e  enzyme p r e p a r a t i o n  would  f l o a t  i f  i t  
was a d d e d  t o  a n o t h e r  b u f f e r  s o l u t i o n  b e f o r e  t h e  e t h y l  a l c o h o l  was 
r e m o v e d .
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E . L y o p h i l i z a t l o n
L y o p h i l i z a t i o n  was c a r r i e d  o u t  and  a f f o r d e d  a means f o r  t h e  
r e m o v a l  o f  e t h y l  a l c o h o l  an d  c o n c e n t r a t i o n  o f  enzyme p r e p a r a t i o n s .
The l y o p h i l i z e d  enzyme was s t a b l e  f o r  a t  l e a s t  30 d a y s  when s t o r e d  
i n  vacuum s e a l e d  v i a l s  a t  - 2 0  C,  4 C and  25 C i n  e i t h e r  t r i s - p h o s -  
p h a t e  b u f f e r ,  pH 7 . 2 ,  o r  t r i s  HC1 b u f f e r ,  pH 8 . 1 ,  b u t  l o s t  up t o  
50"' a c t i v i t y  i n  N a c e t a t e  b u f f e r ,  pH 5 . 5 .
F .  P r e p a r a t i v e  p o l y a c r y l a m i d e  g e l  e l e c t r o p h o r e s i s
The l a s t  p u r i f i c a t i o n  s t e p  was p e r f o r m e d  w i t h  t h e  B u c h l e r  
" P o l y - P r e p "  ( B u c h l e r  I n s t r u m e n t s ,  I n c . ,  F o r t  L e e ,  New J e r s e y ) .  A 
Beckman S p i n c o  C o n s t a n t  R e g u l a t e d  power s u p p l y  o p e r a t i n g  a t  50 ma 
( c o n s t a n t  c u r r e n t )  was u s e d .  The 7.5% r e s o l v i n g  g e l  was 9 cm l o n g .
A s a m p l e  c o n s i s t i n g  o f  41 mg o f  p r o t e i n  was a p p l i e d  t o  t h e  g e l .
The e f f l u e n t  wp s  ■ o l l e c t e d  i n  4 . 6  ml f r a c t i o n s  w h i c h  w e re  a s s a y e d  
f o r  c e l l u l a s e  a c t i v i t y  ( F i g .  2 ) .
The f r a c t i o n s  s h o w i n g  t h e  h i g h e s t  s p e c i f i c  a c t i v i t y  w e re  p o o l e d  
and  a c c o u n t e d  f o r  7 .4% o f  t h e  enzyme y i e l d .  F r a c t i o n s  s h o w in g  a 
l ow e r  s p e c i f i c  a c t i v i t y  a c c o u n t e d  f o r  6 .4% enzyme y i e l d  f o r  a  t o t a l  
enzyme y i e l d  o f  13.8%.
A s a m p l e  o f  t h e  enzyme p r e p a r a t i o n  t h a t  was l o a d e d  on t h e  " P o l y -  
P r e p "  i n s t r u m e n t  was f i r s t  s u b j e c t e d  t o  a n a l y t i c a l  d i s c  g e l  e l e c t r o ­
p h o r e s i s  a s  shown i n  F i g .  3 .  G e l  number 1 was s t a i n e d  fo r  a c t i v i t y  
and  t h e  s i n g l e  a c t i v i t y  band  i s  i n d i c a t e d  by t h e  a r r o w .  G e l  number 
2  was s t a i n e d  f o r  p r o t e i n  and  th e  c o r r e s p o n d i n g  p r o t e i n  band  t o  t h e  
a c t i v i t y  band  i s  i n d i c a t e d  by  a n  a r r o w .  F i g .  4 shows t h e  p r o t e i n  
band  o b t a i n e d  from t h e  p o o l e d  f r a c t i o n s  from t h e  " P o l y - P r e p "  t h a t
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F i g .  2 .  E l u t i o n  p r o f i l e  o b t a i n e d  f rom  p r e p a r a t i v e  p o l y a c r y l a m i d e  
d i s c  g e l  e l e c t r o p h o r e s i s  o f  p a r t i a l l y  p u r i f i e d  c e l l u l a s e .  
P r o t e i n  (41 mg) f rom  t h e  l y o p h i l i z a t i o n  t r e a t m e n t  in  t h e  
p u r i f i c a t i o n  p r o c e d u r e  ( T a b l e  1) was l a y e r e d  on t h e  g e l .  
E ach  f r a c t i o n  c o n t a i n e d  4 . 6  m l .  S y m b o l s :  o o  >
p r o t e i n  A2 g(j; , r e l a t i v e  c e l l u l a s e  a c t ^ ' i t y  A5 9 Q.
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F i g .  3 .  P o l y a c r y l a m i d e  g e l  e l e c t r o p h o r e s i s  o f  p a r t i a l l y  p u r i f i e d  
c e l l u l a s e .  G e l  number  1 s t a i n e d  f o r  a c t i v i t y .  Gel  






i g . 4 .  P o l y a c r y l a m i d e  g e l  e l e c t r o p h o r e s i s  o f  p o o l e d  " P o l y - P r e p "
f r a c t i o n s  h a v i n g  t h e  h i g h e s t  s p e c i f i c  a c t i v i t y  s t a i n e d  f o r  
p r o t e  i n .
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had  t h e  h i g h e s t  s p e c i f i c  a c t i v i t y .  The c e l l u l a s e  a p p e a r s  a s  a 
hom ogeneous  ha nd  in  t h e  a n a l y t i c a l  d i s c  g e l .
I I .  C h a r a c t e r i z a t i o n  o f  C e l l u l o m o n a s  uda C e l l u l a s e
A.  M o l e c u l a r  w e i g h t  o f  t h e  enzyme
The m o l e c u l a r  w e i g h t  o f  t h e  c e l l u l a s e  was d e t e r m i n e d  u s i n g
p a r t i a l l y  p u r i f i e d  an d  p u r i f i e d  enzyme p r e p a r a t i o n s .  The t e c h n i q u e
o f  M a r t i n  and  Ames ( 1 9 6 1 )  was u s e d  a s  d e s c r i b e d  i n  t h e  M a t e r i a l s  and
M ethods  s e c t i o n .  U s i n g  h e m o g l o b i n  ( m o l .  w t . 6 2 , 0 0 0 )  and  c y to c h r o m e  
C ( m o l .  w t . 1 3 , 4 0 0 )  a s  s t a n d a r d s ,  t h e  g l y c e r o l  d e n s i t y  g r a d i e n t  
p a t t e r n  shown i n  F i g .  5 was o b t a i n e d  u s i n g  a p a r t i a l l y  p u r i f i e d  
c e l l u l a s e  p r e p a r a t i o n .  F i g .  6  shows t h e  d e n s i t y  g r a d i e n t  p a t t e r n  
o b t a i n e d  when two o t h e r  s t a n d a r d s  w e r e  u s e d ,  c h y m o t r y p s i n o g e n  A 
(m o l .  w t . 2 5 , 7 0 0 )  and  o v a l b u m i n  ( m o l .  w t . 4 3 , 0 0 0 ) .  U s in g  t h e  number 
o f  d r o p s  f rom  t h e  m e n i s c u s  t o  t h e  t o p  o f  e a c h  p e a k  a s  a m e a s u r e  o f  
t h e  d i s t a n c e  m i g r a t e d  by  t h e  p r o t e i n ,  t h e  m o l e c u l a r  w e i g h t  o f  
C e 1 lu lo m o n a s  uda  c e l l u l a s e  was f o u n d  t o  be 3 9 , 2 0 0  + 5 , 0 0 0 .
The c e l l u l a s e  c o m p o n e n t  A f rom P .  f l u o r e s c e n s  h a s  a  m o l e c u l a r  
w e i g h t  o f  a b o u t  2 0 , 0 0 0  a s  c a l c u l a t e d  from i t s  s e d i m e n t a t i o n  c o e f f i ­
c i e n t  ( S u z u k i  e_t a_l . , 1969)  .
W h i t a k e r  (1 9 7 1 )  i n  h i s  r e v i e w  o f  c e l l u l a s e s  l i s t s  s e v e r a l  c e l l u ­
l a s e  c o m p o n e n t s  f rom  5 f u n g a l  s o u r c e s  t h a t  h a v e  m o l e c u l a r  w e i g h t s  
r a n g i n g  f rom 1 1 ,4 0 0  t o  5 0 , 0 0 0  e s t i m a t e d  w i t h  t h e  u l t r a c e n t r i f u g e .
B. E f f e c t  o f  c e l l u l a s e  c o n c e n t r a t i o n  on r e a c t i o n  v e l o c i t y
A c o n s t a n t  CMC s u b s t r a t e  c o n c e n t r a t i o n  o f  1 .6 6  mg/ml was u s e d  
t o  a s s a y  s e v e r a l  d i f f e r e n t  c o n c e n t r a t i o n s  ol t h e  p u r i f i e d  c e l l u l o s e .
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F i g .  5 .  S e d i m e n t a t i o n  p a t t e r n  o£ p a r t i a l l y  p u r i f i e d  c e l l u l a s e  
o b t a i n e d  i n  a  8  -  337» g l y c e r o l  d e n s i t y  g r a d i e n t .  
S y m b o ls :  # - •  , r e l a t i v e  c e l l u l a s e  a c t i v i t y  A ^ q ;
A —A  , h e m o g l o b i n  A ^ q ; o -O » c y t o c h r o m e
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i g . 6 . S e d i m e n t a t i o n  p a t t e r n  o f  p a r t i a l l y  p u r i f i e d  c e l l u l a s e  
o b t a i n e d  i n  a  8  - 33% g l y c e r o l  d e n s i t y  g r a d i e n t .  
S y m b o l s :  4 4  , r e l a t i v e  c e l l u l a s e  a c t i v i t y  A4 5 0 ;
Ar—4  , c h y m o t r y p s  i n o g e n  A ^ 2 8 0 ’ r)*C)

















F i g .  7 .  S e d i m e n t a t i o n  p a t t e r n  o f  p u r i f i e d  c e l l u l a s e  o b t a i n e d  i n  a 
8  - 337o g l y c e r o l  d e n s i t y  g r a d i e n t .  S y m b o ls :  ,
r e l a t i v e  c e l l u l a s e  a c t i v i t y  A ^ q ; ^  ,
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The c e l l u l a s e  p r e p a r a t i o n  ha d  a  s p e c i f i c  a c t i v i t y  o f  1275 jig g l u c o s e  
e q u i v a l e n t s / m i n / m g  p r o t e i n .  The v e l o c i t y  o f  t h e  r e a c t i o n  i n c r e a s e d  
l i n e a r l y  w i t h  i n c r e a s i n g  c o n c e n t r a t i o n s  o f  t h e  enzyme a s  shown i n  
F i g .  8 .
C .  Zone e l e c t r o p h o r e s i s  on  c e l l u l a s e  a c e t a t e  f i l m s
T h r e e  d i f f e r e n t  c e l l u l a s e  p r e p a r a t i o n s  w e r e  t e s t e d .
1. C u l t u r e  f i l t r a t e  was c o n c e n t r a t e d  2 0 0 - f o l d  by  u i t r a -  
f i l t r a t i o n  u s i n g  a  IW- 1 0  m em brane .
2 .  The c e l l u l a s e  a c t i v i t y  r e t a i n e d  by t h e  XM-100 membrane 
f rom  35 l i t e r s  o f  c u l t u r e  f i l t r a t e .
3 .  The p u r i f i e d  c e l l u l a s e  p r e p a r a t i o n  from 105 l i t e r s  o f  
c u l t u r e  f i l t r a t e .
A l l  s a m p l e s  w e r e  d i a l y z e d  u s i n g  c o l l o d i o n - b a g s  a g a i n s t  t h e  v e r o n a l  
b u f f e r .
A t y p i c a l  z o n e - e l e c t r o p h o r e t i c  p a t t e r n  f o r  t h e  c e l l u l a s e  p r e ­
p a r a t i o n s  i s  shown i n  F i g .  9 .  The enzyme p r e p a r a t i o n  was a p p l i e d  
3 . 5  cm f rom  t h e  a n o d e  w h i c h  w ou ld  c o r r e s p o n d  t o  f r a c t i o n  4 an d  t h e  
maximum a c t i v i t y  was o b t a i n e d  i n  f r a c t i o n  number 6 . T h i s  wou ld  i n ­
d i c a t e  a  maximum m i g r a t i o n  o f  a b o u t  2 cm. Yamane e_t a_l. ( 1 9 7 0 b )  u n ­
d e r  s i m i l a r  c o n d i t i o n s  o f  e l e c t r o p h o r e s i s  found  t h r e e  c e l l u l a s e  com­
p o n e n t s  (A, B and  C) f rom  P .  f l u o r e s c e n s  t h a t  c o u l d  be s e p a r a t e d  by 
t h e i r  m o b i l i t y  t o  t h e  c a t h o d e .  The e x t r a c e l l u l a r  c e l l u l a s e  c om ponen t  
B p r e s e n t  i n  t h e  s m a l l e s t  am oun t  m i g r a t e d  o n l y  a b o u t  1 cm and 
c o r r e s p o n d s  t o  t h e  c e l l u l a s e  p r e p a r a t i o n s  f rom  C e 1 l u l o m o n a s . The 
e x t r a c e l l u l a r  c e l l u l a s e  c o m p o n e n t  A ( m i g r a t e d  a b o u t  4 cm) and  t h e  
c e l l  bound c e l l u l a s e  com p o n e n t  C ( m i g r a t e d  a b o u t  5 cm) b o t h  had  a
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F i g .  8 .  E f f e c t  o f  c e l l u l a s e  c o n c e n t r a t i o n  on  r e a c t i o n  v e l o c i  t y .
Thu s u b s t r a t e  was  1 .6 6  mg/ml CMC 7 L . The v a l u e s  shown 
a r e  f o r  1-ml s a m p l e s  t a k e n  f rom a 3 - m l  r e a c t i o n  m i x t u r e  . 
The r e a c t i o n  v e l o c i t y  i s  r e p o r t e d  a s  fig o f  r e d u c i n g  
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F i g .  9 .  T y p i c a l  z o n e - e l e c t r o p h o r e t i c  p a t t e r n  o f  c e l l u l a s e  on
c e l l u l o s e  a c e t a t e  f i l m .  The a r r o w  i n d i c a t e s  t h e  s t a r t  
p o s i t i o n .  The c e l l u l a s e  a c t i v i t y  was a s s a y e d  by t h e  
n e o c u p r o i n e  m e th o d  and  i s  r e p r e s e n t e d  by  t h e  a b s o r b a n c y  
a t  4 5 0  nm.
I 3 S 7 •  II IS 15
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h i g h e r  m o b i l i t y  t o w a r d  t h e  c a t h o d e  t h a n  t h e  p r e p a r a t i o n s  from 
C e l l u l o m o n a s .
D. P r o d u c t s  o f  e n z y m a t i c  h y d r o l y s i s  o f  c e l l u l a s e
An a t t e m p t  was m a d e ,  u s i n g  t h i n - l a y e r  c h r o m a t o g r a p h y ,  t o  d e t e r ­
mine  w h e t h e r  g l u c o s e ,  c e l l o b i o s e  o r  o t h e r  i n t e r m e d i a t e  o l i o g o s a c c h a -  
r i d e s  w e re  t h e  en d  p r o d u c t  o f  c e l l u l o s e  d e g r a d a t i o n  by  t h e  c e l l u l a s e  
o f  t h e  o r g a n i s m .  The h y d r o l y s a t e  o f  f i l t e r  p a p e r  was o b t a i n e d  by 
i n c u b a t i n g  t h e  p u r i f i e d  c e l l u l a s e  p r e p a r a t i o n  w i t h  a l k a l i - t r e a t e d  
Whatman c e l l u l o s e  powder  CF -11  ( 2 8 . 5  m g /m l )  a t  40  C. S a m p le s  c o n ­
s i s t i n g  o f  5 ml  o f  t h e  r e a c t i o n  m i x t u r e  w e r e  rem oved  a t  v a r i o u s  t i m e s  
d u r i n g  a  24 h r  p e r i o d .  The c e l l u l a s e  was i n a c t i v a t e d  by  h e a t i n g  t h e  
s a m p l e s  i n  a  b o i l i n g  w a t e r  b a t h  f o r  10 m i n .  The r e d u c i n g  s u g a r  l e v e l  
f o r  e a c h  s a m p le  was d e t e r m i n e d  by  t h e  n e o c u p r o i n e  m e t h o d .  F i g .  10 
p r e s e n t s  t h e  i n c r e a s e  i n  r e d u c i n g  s u g a r s  e x p r e s s e d  a s  g l u c o s e  e q u i ­
v a l e n t  w i t h  t i m e  d u r i n g  t h e  p e r i o d  o f  i n c u b a t i o n .
A b o u t  5 - 3 0  m i c r o l i t e r s  o f  s a m p le  was a p p l i e d  t o  t h i n - l a y e r  
p l a t e s  and  p r o c e s s e d  a s  g i v e n  i n  t h e  M a t e r i a l s  and  M ethods  s e c t i o n .  
G l u c o s e  and  c e l l o b i o s e  w e r e  u s e d  a s  s t a n d a r d s .  O n l y  c e l l o b i o s e  was 
found  in  d e t e c t a b l e  a m o u n t s  t h r o u g h o u t  t h e  24 h r  i n c u b a t i o n  p e r i o d .  
T h i s  i s  c o n s i s t e n t  w i t h  t h e  r e s u l t s  o b t a i n e d  u s i n g  t h e  c u l t u r e  m e d i ­
um i n  w h i c h  C e 1 l u lo m o n a s  uda  was grown (Han, 1969)  . Two c e l l u l a s e  
c o m p o n e n t s  f rom S t e r e u m  s a n g u i n o l e n t u m  h y d r o l y z e d  dewaxed c o t t o n  
f i b e r s  t o  y i e l d  c e l l o b i o s e  and  g l u c o s e  i n  t h e  a p p r o x i m a t e  p r o p o r t i o n s  
3 : 1  ( B j o r n d a l  and  E r i k s s o n ,  1 9 6 8 ) .  The m a in  c e l l u l o l y t i c  end  p r o d ­
u c t s  o f  t h e  e x t r a c e l l u l a r  c o m p o n e n t s  A and  B f rom  P .  f l u o r e s c e n s  a r e  
a s m a l l  amount  o f  c e l l o b i o s e  and  a  l a r g e  amount  o f  c e l l o t r i o s e
5 L
F i g .  10.  R e d u c i n g  s u g a r  i n  g l u c o s e  e q u i v a l e n t s ,  j ig /ml  p r o d u c e d
from c e l l u l o s e  powder  d u r i n g  a  24 h r  p e r i o d  by a p u r i f i e d  
c e 1 l u l a s e  .
GLUCOSE EQUIV. jig/ml
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( S u z u k i  e_t a_l • , 1969)  .
E .  O l i g o s a c c h a r i d e  s p e c i f i c i t y  ol  c e l l u l a s e
The s p e c i f i c i t y  o f  t h e  p u r i f i e d  c e l l u l a s e  t o w a r d  t h e  l o w e r  mo­
l e c u l a r  w e i g h t  o l i g o s a c c h a r i d e s  was d e t e r m i n e d  by i n c u b a t i n g  t h e  e n ­
zyme w i t h  c e l l o b i o s e ,  c e l l o t r i o s e  and  ce  1 l o t e t r a o s e  a t  a  s u b s t r a t e  
c o n c e n t r a t i o n  o f  4 mg/ml f o r  30 m i n .  S a m p le s  c o n s i s t i n g  o f  10 m i c r o ­
l i t e r s  f rom  t h e  r e a c t i o n  m i x t u r e s  i n c l u d i n g  s t a n d a r d s  o f  e a c h  o f  t h e  
o l i g o s a c c h a r i d e s  and  o f  g l u c o s e  w e r e  a p p l i e d  t o  t h i n - l a y e r  p l a t e s  
and  p r o c e s s e d  i n  t h e  same m an n e r  a s  t h e  e n z y m a t i c  h y d r o l y s a t e  o f  
c e l l u l o s e .  The s t a n d a r d s  c o n s i s t i n g  o f  g l u c o s e  an d  c e l l o b i o s e  were  
p u r e ,  h o w e v e r  t h e  c e l l o t r i o s e  was c o n t a m i n a t e d  by  a t r a c e  o f  c e l l o ­
b i o s e  and  t h e  c e l l o t e t r a o s e  was c o n t a m i n a t e d  b y  a  t r a c e  o f  c e l l o t r i ­
o s e  and  p o s s i b l y  some o l i g o s a c c h a r i d e s  o f  h i g h e r  m o l e c u l a r  w e i g h t  
w h i c h  d i d  n o t  m i g r a t e  f rom t h e  o r i g i n  a s  s e e n  i n  F i g .  11.  C e l l o ­
b i o s e  was n o t  h y d r o l y z e d  t o  g l u c o s e  ( s a m p l e  6 ) ;  c e l l o t r i o s e  ( s a m p le  
7)  was p r o b a b l y  n o t  h y d r o l y z e d  s i n c e  t h e  s t a n d a r d  ( s a m p l e  3)  and  t h e  
c e l l o t r i o s e  ( s a m p l e  7)  w e r e  n e a r l y  i d e n t i c a l  and  p a r t i c u l a r l y  s i n c e  
no  g l u c o s e  was d e t e c t e d .  In  t h e  c o m p a r i s o n  o f  t h e  c e l l o t e t r a o s e  
s t a n d a r d  ( s a m p l e  4 )  and  t h e  c e l l o t e t r a o s e  h y d r o l y s a t e  ( s a m p l e  8 ) a l l  
o f  t h e  c e l l o t e t r a o s e  was c o n v e r t e d  t o  c e l l o b i o s e .  T h e s e  r e s u l t s  a r e  
c o n s i s t e n t  w i t h  r e s u l t s  o b t a i n e d  by Yamane ejt a_l. ( 1 9 7 0 b )  f o r  t h e  
c e l l u l a s e s  i s o l a t e d  f rom  P .  f l u o r e s c e n s . They  i s o l a t e d  two e x t r a ­
c e l l u l a r  c e l l u l a s e s  w h i c h  c o u l d  h y d r o l y z e  c e l l o t e t r a o s e  b u t  n o t  
c e l l o b i o s e  o r  c e l l o t r i o s e .  The c e l l - b o u n d  c e l l u l a s e  f rom P .  f l u o r e s ­
c e n s  c o u l d  h y d r o l y z e  c e l l o t r i o s e  and  c e l l o t e t r a o s e  b u t  n o t  c e l l o b i o s e .  
The r a p i d  h y d r o l y s i s  of  c e l l o t e t r a o s e  a l s o  e x p l a i n s  why o n l y
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F i g .  11. R e p r o d u c t i o n  o f  t h i n - l a y e r  c h r o m a t o g r a m  o f  s u g a r
s t a n d a r d s  v e r s u s  t h e  p r o d u c t s  o f  c e l l u l a s e  h y d r o l y s i s  o f  
o l i g o s a c c h a r i d e s .  ( 1 ) g l u c o s e ,  ( 2 ) c e l l o b i o s e ,
( 3 )  c e l l o t r i o s e ,  ( 4 )  c e l l o t e t r a o s e ,  ( 5 )  c e l l u l a s e ,
( 6 ) c e l l u l a s e  + c e l l o b i o s e ,  ( 7 )  c e l l u l a s e  + c e l l o t r i o s e ,  
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c e l l o b i o s e  was d e t e c t e d  in  t h e  h y d r o l y s i s  o f  c e l l u l o s e  p o w d e r .
F .  K i n e t i c s  o f  t h e  enzyme r e a c t i o n
The e f f e c t  o f  CMC c o n c e n t r a t i o n  on t h e  c e l l u l a s e  a c t i v i t y  was 
d e t e r m i n e d  o v e r  t h e  0 . 1  - 8 . 0  mg/ml r a n g e  by t h e  f e r r i c y a n i d e  m e t h o d .  
The c e l l u l a s e  c o n c e n t r a t i o n  was 0 . 3 5  f x g / p r o t c i n  p e r  ml  o f  r e a c t i o n  
m i x t u r e .  The was c a l c u l a t e d  ( F i g .  12) by u s i n g  t h e  l i n e a r  t r a n s ­
f o r m a t i o n  s u g g e s t e d  by H o f s t e e  ( 1 9 5 2 ) .  The a p p a r e n t  Km was c a l c u ­
l a t e d  t o  be 0 . 2 8  mg o f  CMC p e r  ml f rom t h e  s l o p e  o f  t h e  s t r a i g h t  
l i n e  f i t t e d  t o  t h e  d a t a  by  t h e  l e a s t  s q u a r e s  m e t h o d .  Maximum v e ­
l o c i t y  ( V ^ )  was c a l c u l a t e d  t o  be 1 .5  x 10^ fig o f  g l u c o s e  e q u i v a -
l e n t s / m i n / m g  p r o t e i n  a l o n g  w i t h  a n  op t imum v e l o c i t y  (VQp t ) ol 
3
1 . 2  x 10 /xg o f  g l u c o s e  e q u i v a l e n t s / m i n / m g  p r o t e i n .  The H o f s t e e
e q u a t i o n  u s e d  t o  p l o t  t h e  d a t a  r e p r e s e n t e d  i n  F i g .  1 2  i s  g i v e n
be low:
Vm = V +  |  Km
The same s e t  o f  d a t a  was r e p l o t t e d  i n  t h e  more  f a m i l i a r  L i n e w o a v e r  
and  B " r k  p l o t  a s  p r e s e n t e d  i n  F i g .  13 by t h e  f o l l o w i n g  e q u a t i o n :
1 =  5™ - 1,1
v '  Vm S Vm
S t u t z e n b e r g e r  (1 9 7 2 )  h a s  d e t e r m i n e d  t h e  v a l u e  f o r  t h e  c e l l u l o s e  
i s o l a t e d  from Therm om onospo ra  c u r v a t a  t o  be 3 . 5  mg o f  CMC p e r  ml 
u s i n g  CMC ( t y p e  7L; H e r c u l e s  I n c . ,  C h a r l o t t e ,  N. C . )  w i t h  a d e g r e e  
o f  p o l y m e r i z a t i o n  o f  3 0 0 .
G.  O p t i m a l  t e m p e r a t u r e  o f  t h e  enzyme r e a c t i o n
The o p t i m a l  t e m p e r a t u r e  o f  t h e  enzyme r e a c t i o n  was d e t e r m i n e d
u n d e r  s t a n d a r d  c o n d i t i o n s  ol  e n z y m e , b u f f e r  and  s u b s t r a t e
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i g .  12.  H o f s t e e  p l o t  o f  c e l l u l a s e  a c t i v i t y  w i t h  CMC a s  the
s u b s t r a t e .  The V i s  e x p r e s s e d  a s  t h e  a c c u m u l a t i o n  o f  
jig o f  r e d u c i n g  s u g a r  ( co m p a re d  t o  g l u c o s e  s t a n d a r d )  
d u r i n g  a 10-min  r e a c t i o n  p e r i o d .  The s u b s t r a t e  c o n c e n ­
t r a t i o n  i s  e x p r e s s e d  i n  mg/ml and  t h e  enzyme c o n c e n ­
t r a t i o n  was 350 n g / m l  w i t h  a  s p e c i f i c  a c t i v i t y  o f  1 .3  x 
10 . The p o i n t s  a r e  e x p e r i m e n t a l  d a t a ,  and  l i n e a r  r e ­
g r e s s i o n  a n a l y s i s  was u s e d  t o  c o n s t r u c t  t h e  s o l i d  l i n e .
>\v>
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F i g .  13.  L i n e w e a v e r - B u r k  p l o t  o f  c e l l u l a s e  a c t i v i t y  w i t h  CMC a s  
t h e  s u b s t r a t e .  The same c o n d i t i o n s  and d a t a  f rom t h e  














c o n c e n t r a t i o n .  The r e a c t i o n  m i x t u r e  was i n c u b a t e d  a t  t h e  i n d i c a t e d  
t e m p e r a t u r e  f o r  10 min  an d  t h e  h y d r o l y s i s  s t o p p e d  by t h e  a d d i t i o n  
o f  t h e  r e a g e n t s  u s e d  f o r  t h e  f e r r i c y a n i d e  m e t h o d .  An o p t i m a l  t e m ­
p e r a t u r e  o f  a b o u t  4 2 . 5  C was d e t e r m i n e d  f o r  t h e  p u r i f i e d  e n z y m e .
The s h a r p  d e c r e a s e  i n  a c t i v i t y  ab o v e  45 C was p r o b a b l y  due  t o  h e a t  
i n a c t i v a t i o n  o f  t h e  e n z y m e .  The p u r i f i e d  enzyme was c o m p l e t e l y  i n ­
a c t i v a t e d  a f t e r  a 30 min  i n c u b a t i o n  a t  55 C and  a b o u t  50% i n a c t i v a ­
t e d  a t  3 7 . 5  C .  Enzyme p r e p a r a t i o n s  o f  l e s s  p u r i t y  ( b e f o r e  t h e  P o l y -  
P r e p  t r e a t m e n t )  w e re  s t a b l e  a t  40  C f o r  a t  l e a s t  1 h o u r .
H.  O p t i m a l  pH o f  t h e  enzyme r e a c t i o n
The b u f f e r s  ( 0 . 0 7 5  M) u s e d  i n  t h e s e  e x p e r i m e n t s  w e re  t h e  f o l l o w ­
i n g :
A c e t a t e  pH 4 . 0  -  5 . 6
P h o s p h a t e  pH 5 . 6  - 7 . 9
T r i s - H C l  pH 7 . 9  - 9 . 0
G lyc ine -N aO H  pH 9 . 0  - 1 0 . 2
No i n t e r f e r e n c e  due t o  t h e  b u f f e r i n g  s y s t e m s  was found when 10 fig o r  
25 j ig  g l u c o s e  s t a n d a r d s  were  a s s a y e d  by  t h e  n e o c u p r o i n e  c o l o r i m e t r i c  
m e t h o d .  The enzyme a c t i v i t y  was d e t e r m i n e d  u n d e r  t h e  s t a n d a r d  a s s a y  
c o n d i t i o n s  e x c e p t i n g  f o r  t h e  b u f f e r  s y s t e m  u s e d  and  t h e  CMC s o l u t i o n  
was p r e p a r e d  i n  w a t e r  i n s t e a d  o f  b u f f e r .
The v i s c o m e t r i c  m e th o d  was a l s o  u s e d  f o r  t h e  d e t e r m i n a t i o n  o f  
c e l l u l a s e  a c t i v i t y  a s  d e s c r i b e d  in  t h e  M a t e r i a l s  and  M ethods  and  was 
e m p lo y e d  u s i n g  1 .9  ml o f  t h e  v a r i o u s  b u f f e r s  u t i l i z e d  by t h e  c o l o r i ­
m e t r i c  m e t h o d .
6 2
Fi&.  14 .  E f f e c t  o f  pH on t h e  a c t i v i t y  o f  c e l l u l a s e .












A c o m p a r i s o n  o f  t h e  two pH a c t i v i t y  c u r v e s  ( F i g .  14) o b t a i n e d  
by t h e  two d i l L e r e n t  m e th o d s  was i n  good a g r e e m e n t .  The pH o f  e a c h  
r e a c t i o n  m i x t u r e  was d e t e r m i n e d  a t  t h e  end  o f  t h e  a s s a y .  T h e r e  were  
no  pH c h a n g e s  d u r i n g  t h e  a c t i o n  o f  t h e  s u b s t r a t e  on t h e  CMC s u b s t r a t e .  
The enzyme had  a w id e  pH r a n g e  f o r  i t s  a c t i v i t y  w i t h  a n  o p t i m a l  pH 
r a n g e  o f  5 . 4  - 6 . 8  ( F i g .  1 4 ) .  P e t t e r s s o n  ( 1 9 6 8 b )  d e t e r m i n e d  t h e  pH 
op t imum o f  a  c e l l u l a s e  f rom P e n i c i l l i u m  n o t a t u m  t o  be pH 4 . 5  - 7 
u s i n g  h y d r o x y e t h y l  c e l l u l o s e .  The pH opt im um f o r  t h e  c e l l u l a s e s  
f rom P.  f l u o r e s c c n s  h a s  b e e n  fo u n d  t o  be pH 8 . 0  f o r  t h e  c o m p o n e n t s  A 
and B and  pH 7 Lor c e l l u l o s e  C ( S u z u k i  ej: aJL.,  1 9 6 9 ) .
I .  Enzyme i n h i b i t i o n
The b a c t e r i a l  c e l l u l a s e  i n h i b i t i o n  s t u d i e s  w e r e  c o n d u c t e d  by  t h e
v i s c o m e t r i c  m e th o d  b e c a u s e  o f  i n t e r f e r e n c e  o f  t h e  v a r i o u s  i n h i b i t o r s
w i t h  t h e  s t a n d a r d  c o l o r i m e t r i c  m e t h o d s .  One ml o f  t h e  s t a n d a r d  NaAc
a c e t a t e  b u f f e r  was r e p l a c e d  w i t h  1 ml  o f  i n h i b i t o r  s o l u t i o n  p r e p a r e d
i n  t h e  s t a n d a r d  NaAc a c e t a t e  b u f f e r .  The e f f e c t  o f  v a r i o u s  c a t i o n s
( T a b l e  2)  d e m o n s t r a t e d  no i n h i b i t i o n  a t  10 M c o n c e n t r a t i o n  w i t h  t h e
e x c e p t i o n  o f  Cu"*- *’ and  Hg++ ( t h e  l a t t e r  i o n  a t  a c o n c e n t r a t i o n  o f  
_ ^
10 M r e d u c e d  t h e  c e l l u l a s e  a c t i v i t y  t o  6670 o f  t h e  o r i g i n a l  l e v e l ) .
A s t i m u l a t i o n  o f  t h e  o r i g i n a l  enzyme a c t i v i t y  was n o t i c e d  w i t h  Fo^+ 
a t  10‘ 3 M.
S e v e r a l  c a r b o h y d r a t e s  o f  low m o l e c u l a r  w e i g h t  showed v e r y  l i t t l e  
e f l e e t  on enzyme a c t i v i t y  a t  t h e  c o n c e n t r a t i o n s  s t u d i e d .  The lo I  low­
ing  c a r b o h y d r a t e s  were  u s e d  a t  t h e  c o n c e n t r a t i o n  o f  10 ^ M in t h e s e  
s t u d i e s  a r . i b i n o s o ,  c e l l o b i o s e ,  g a l a c t o s e ,  g l u c o s e ,  l a c t o s e ,  ma I I o:.r ,
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m a n n i t o l ,  m a n n o s e , s u c r o s e ,  and  x y l o s e .
The e f f e c t  o f  v a r i o i s  enzyme i n h i b i t o r s  on th e  a c t i v i t y  o f  the  
c e l l u l a s e  a r e  g i v e n  i n  T a b l e  3 .  p - C h l o r o m e r c u r i b e n z o a t e , a s u b s t a n c e
w h ic h  b i n d s  t o  s u l f h y d r y l  g r o u p s  o f  p r o t e i n s ,  a t  a  c o n c e n t r a t i o n  o f
- 3 ©10 M i n h i b i t e d  607» o f  t h e  enzyme a c t i v i t y .  The r e d u c i n g  a g e n t
d i t h i o t h r e i t o l  had  v e r y  l i t t l e  e f f e c t  on t h e  e n z y m e .  Sod ium  a z i d e  
w h i c h  i s  o f t e n  u s e d  a s  a p r e s e r v a t i v e  o f  enzyme s o l u t i o n s  d i d  n o t
show any  i n h i b i t i o n .  D i i s o p r o p y l  f l u o r o p h o s p h a t e  (DFP) a t  5 . 4  x
- 310 M i n h i b i t e d  t h e  enzyme 217,. DFP c a n  a c t  by p h o s p h o r y l a t i n g  th e  
h y d r o x y l  g r o u p  i n  s e r i n e .
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T a b l e  2
E f f e c t  o f  V a r i o u s  C a t i o n s  on t h e  A c t i v i t y  o f  C e l l u l a s e
C a t i o n  C o n c e n t r a t i o n  A c t i v i t y
(M) (7.)
K+ 1 X »—•
 
o




CO++ 1 X 1 0 -3 100
N1++ 1 X 1 0 -3 100
Mn"H" 1 X 1 0 '3 100
Mg4"4" 1 X 1 0 " 3 100
Hg4"4" 1 X 10 -3 0
Hg++ 1 X 1 0 -4 17
H g ^ 1 X 1 0 " 5 66
C u ^ 1 X 1 0 '3 79
P b ' n - 1 X
co1o
93
Fe"1^ 1 X 10 -3 131
F e " ^ 1 X 10 -4 100
Ca"H_ 1 X 1 0 '3 100
Zn4"* 1 X 1 0 " 3 100
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TABLE 3
E f f e c t  o f  Enzyme I n h i b i t o r s  on t h e  A c t i v i t y  o f  C e l l u l a s e
I n h i b i t o r  C o n c e n t r a t i o n  A c t i v i t y
(M) 0 0
None 100
Urea 1 X 10-2 93
EDTA 1 X 10‘ 2 93
P - C h l o r o m e r c u r i b e n z o a t e 1 X
1o
4 0
P - C h l o r o m c r c u r  i b e n z o a t e 1 X i o - * 94
1,  1 0 - P h e n a n t h r o l i n e 1 X 1 0 " 2 6 6
1,  1 0 - P h e n a n t h r o l i n e 1 X 1 0 -3 85
D i t h i o t h r e  i t o l 1 X 1 0 "3 91
Sod ium Az ide 1 X 1 0 " 2 100
D i i s o p r o p y l  F l u o r o p h o s p h a t e 5 . 4 x 1 0 " 3 71
DISCUSSION
The e x t r a c e l l u l a r  c e l l u l a s e  o f  C e l l u l o m o n a s  uda  h a s  b e e n  
i s o l a t e d  a nd  p u r i f i e d  f rom t h e  c u l t u r e  f i l t r a t e  o f  t h e  m i c r o o r g a n i s m  
grown on a l k a l i - t r e a t e d  c e l l u l o s e .  The enzyme i s  o f  t h e  Cx v a r i e t y  
s p e c i f i c a l l y  a n  e n d o / 3 - 1 - 4  g l u c a n a s e  (E .C .3 .2  . 1 . 4 )  . T h i s  d e s i g n a t  ion 
i s  b a s e d  on t h e  a b i l i t y  o f  t h e  enzyme t o  h y d r o l y z e  t h e  $ - 1 - 4  g l u c o -  
s i d i c  l i n k a g e  o f  i n s o l u b l e  a l k a l i - t r e a t e d  c e l l u l o s e ,  CMC, c e l l o t r i -  
o s e  and  c e 1 l o t e t r a o s e . The e n d o  d e s i g n a t i o n  comes from t h e  a b i l i t y  
o f  t h e  enzyme t o  c a u s e  a  c h a n g e  i n  v i s c o s i t y  o f  CMC s o l u t i o n s  and 
i t s  i n a b i l i t y  t o  h y d r o l y z e  PNPG, ONPG and  c e l l o b i o s e .
The op t im um  pH o f  pH 5 . 4 - 6 . 8  o f  t h i s  c e l l u l a s e  i s  c o m p a r a b l e  t o  
t h e  r a n g e  o f  a c t i v i t y  o f  m o s t  f u n g a l  c e l l u l a s e s  ( W h i t a k e r ,  1971)
CMC was u s e d  a s  t h e  s u b s t r a t e  i n  t h e s e  i n v e s t i g a t i o n s  i n  o r d e r  t o  
a s c e r t a i n  t h e  op t im um  a s s a y  c o n d i t i o n s .  The enzyme was s t a b l e  a t  a 
pH r a n g e  o f  4 . 5  -  9 . 5  a t  4 C. T h i s  p r o p e r t y  was u s e d  a s  an  a d v a n t a g e  
i n  d e s i g n i n g  t h e  p u r i f i c a t i o n  s c h e m e .
The op t im um  t e m p e r a t u r e  o f  t h e  c e l l u l a s e  a c t i v i t y  was d e t e r m i n e d  
t o  be  4 2 . 5  C ; h o w e v e r ,  t h e  a s s a y s  w e r e  c o n d u c t e d  a t  40  C b e c a u s e  t h e  
enzyme was m ore  s t a b l e  a t  t h i s  t e m p e r a t u r e .
The m o l e c u l a r  w e i g h t  o f  t h e  enzyme was d e t e r m i n e d  t o  be a p p r o x ­
i m a t e l y  3 9 , 0 0 0 .  The m o l e c u l a r  w e i g h t  o f  m o s t  c e l l u l a s e s  h a s  b e e n  
found  t o  be  i n  t h e  r a n g e  o f  1 1 ,0 0 0  t o  6 0 , 0 0 0  ( W h i t a k e r ,  1 9 7 1 ) .
T h i s  i s  c o n s i s t e n t  w i t h  t h e  g e n e r a l  i m p r e s s i o n  t h a t  h y d r o l y t i c  e n ­
zymes a c t i n g  on h i g h  m o l e c u l a r  w e i g h t  s u b s t r a t e s  a r e  o f  low
<)8
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m o l e c u l a r  w e i g h t  a s  c o m p a red  t o  t h e  m o l e c u l a r  w e i g h t  o f  h y d r o l y t i c  
e nzym es  a c t i n g  on low m o l e c u l a r  w e i g h t  s u b s t r a t e s .
The k i n e t i c  s t u d i e s  o l  t h e  C_. uda  c e l l u l a s e  u s i n g  CMC 7L a s  t h e  
s u b s t r a t e  showed no  i n c r e a s e  i n  r e a c t i o n  v e l o c i t y  w i t h  s u b s t r a t e  
c o n c e n t r a t i o n s  a b o v e  1 .5  m g /m l .  T h e r e  i s  a n  i n d i c a t i o n  t h a t  a t  
h i g h e r  c o n c e n t r a t i o n s  o f  t h e  s u b s t r a t e  (10  mg/ml and  a b o v e )  t h e r e  i s  
some i n h i b i t i o n .  T h i s  i s  a l s o  a p p a r e n t  in  t h e  H o f s t e e  p l o t  shown i n  
F i g .  12 .  A Vmax o f  1 . 5  x  10 j i g  o f  g l u c o s e  e q u i v a l e n t s / m i n / m g  p r o ­
t e i n  i s  d e t e r m i n e d  f rom  t h e  p l o t  by  e x t r a p o l a t i n g  t h e  l i n e a r  p o r t i o n
3
o f  t h e  p l o t .  An op t im um  v e l o c i t y  (VQp t ) o l  1 .24  x 10 j ig  o f  g l u c o s e  
e q u i v a l e n t s / m i n / m g  p r o t e i n  was d e t e r m i n e d  u n d e r  e x p e r i m e n t a l  c o n d i — 
t  i o n s  .
CMC c o n c e n t r a t i o n s  a b o v e  2 mg/ml gave  h i g h  c o n t r o l  v a l u e s  
t h e r e b y  r e d u c i n g  t h e  r a n g e  o f  t h e  a s s a y ;  t h e r e f o r e  t a k i n g  a l l  o f  
t h e s e  a s p e c t s  i n t o  c o n s i d e r a t i o n  a  CMC c o n c e n t r a t i o n  o f  1 . 6 6  mg/ml 
was u s e d  f o r  t h e  s t a n d a r d  a s s a y .  Due t o  t h e  w id e  u s e  o f  a r b i t r a r y  
c e l l u l a s e  u n i t s  and g r e a t  v a r i a t i o n s  i n  t h e  p r o p e r t i e s  o f  t h e  CMC 
u s e d  a s  a s u b s t r a t e ,  i t  i s  v e r y  d i f f i c u l t  t o  c o m p a re  k i n e t i c  d a t a  
r e p o r t e d  in  t h e  l i t e r a t u r e  f rom d i f f e r e n t  s o u r c e s .  The i n f o r m a t i o n  
r e g a r d i n g  t h e  K,  ^ v a l u e s  o f  CMC h y d r o l y s i s  by c e l l u l a s e s  i s  r e l a t i v e ­
ly  l i m i t e d .  V a l u e s  o f  0 . 5 ,  1 . 6  and  3 . 5  mg/ml have  been  p u b l i s h e d  in  
s t u d i e s  on t h e  c e l l u l a s e s  o f  M y r o t h e c i u m  v e r r u c a r i a  ( H a l l i w e l l ,  1 9 6 1 ) ,  
T r i c h o d e r m a  v i r i d e  ( R e e s e  and  M a n d e l s ,  1963b)  and  Thermom onospora  
c u r v a t a  ( S t u t z e n b e r g e r , 1 9 7 2 ) .  The d e t e r m i n e d  t o r  t h e  C. uda 
c e l l u l a s e  was 0 . 2 8  mg o f  CMC/ml.
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I n i t i a l l y  t h e  p u r i f i c a t i o n  o f  t h e  c e l l - b o u n d  c e l l u l a s e  from C. 
uda  grown on  CMC was a t t e m p t e d .  M os t  o f  t h e  c e l l u l a s e  p r o d u c e d  was 
c e l l - b o u n d  b u t  c o u l d  be r e l e a s e d  by t r e a t m e n t  w i t h  lysozym e and  
s o n i c a t i o n .  A l l  a t t e m p t s  t o  p u r i f y  t h i s  enzyme h a v e  t h u s  f a r  been  
u n s u c c e s s f u l .  I t  was fo u n d  t h a t  t h e  c e l l u l a s e  ha d  a  h i g h  a f f i n i t y  
f o r  a l k a l i - t r e a t e d  c e l l u l o s e  f ro m  a t t e m p t s  t o  p u r i f y  t h e  enzyme by 
a f f i n i t y  c h r o m a t o g r a p h y .  By u s i n g  t h e  a l k a l i - t r e a t e d  c e l l u l o s e  and  
r e g u l a t i n g  t h e  pH o f  t h e  c u l t u r e  i t  was p o s s i b l e  t o  a c h i e v e  a  4 - f o l d  
i n c r e a s e  i n  c e l l  y i e l d  w i t h  s u f f i c i e n t  c e l l - f r e e  c e l l u l a s e  p r o d u c e d  
t o  be c o n c e n t r a t e d  a nd  p u r i f i e d .
The m a j o r  p r o b l e m s  t h a t  h a v e  b e e n  e n c o u n t e r e d  in  w o r k i n g  w i t h  
t h e  c e l l u l a s e  h a v e  b e e n  m o s t l y  r e l a t e d  t o  e s t a b l i s h m e n t  o f  an 
a p p r o p r i a t e  enzyme a s s a y .  S e v e r a l  d i f f e r e n t  c e l l u l a s e  a s s a y s  have  
b e e n  u s e d  a s  l i s t e d  i n  t h e  R e v ie w  o f  L i t e r a t u r e  s e c t i o n .  The o l d e s t  
m e thod  an d  p r o b a b l y  t h e  l e a s t  s a t i s f a c t o r y  i n v o l v e s  d e t e r m i n i n g  t h e  
l o s s  o f  w e i g h t  o f  an i n s o l u b l e  s u b s t r a t e .  The C e l l u l o m o n a s  c e l l u l a s e  
i s  a c t i v e  a g a i n s t  H C l - s w o l l e n  c e l l u l o s e  and  a l k a l i - t r e a t e d  c e l l u l o s e  
a s  d e m o n s t r a t e d  by an  i n c r e a s e  i n  r e d u c i n g  s u g a r s .  The m e c h a n i c a l  
m a n i p u l a t i o n s  i n v o l v e d  i n  t h e  w e i g h t  d e t e r m i n a t i o n s  and  t h e  long  i n ­
c u b a t i o n  t im e  r e q u i r e d  (up  t o  7 d a y s )  make t h i s  t y p e  o f  a s s a y  u n s a t i s ­
f a c t o r y .  The d e c r e a s e  i n  m e c h a n i c a l  p r o p e r t i e s  o f  f i b e r s  and  c h a n g e  
in  t u r b i d i t y  o f  c e l l u l o s e  s u s p e n s i o n s  a r e  a l s o  n o t  v e r y  s a t i s f a c t o r y .
Thomas ( 1 9 5 6 )  d e s c r i b e d  a  m e th o d  b a s e d  on t h e  c h a n g e  o f  b i r e ­
f r i n g e n c e  o f  a  c e l l o p h a n e  d i s c .  The t e c h n i q u e  i s  r e l a t i v e l y  i n s e n ­
s i t i v e  h u t  may be o f  v a l u e  i n  c e r t a i n  a p p l i c a t i o n s  b e c a u s e  It p r o v i d e s
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a m e a s u r e  o f  one o f  t h e  e a r l i e s t  s t a g e s  o f  t h e  d i g e s t i o n  o f  
c r y s t a l l i n e  c e l l u l o s e .
P o i n c e l o t  and  Day ( 1 7 9 2 )  d e v i s e d  a m e th o d  where  t h e  r e l e a s e  o l  
dye  from c e l l u l o s e  powder  d ye d  w i t h  Remazol  B r i l l i a n t  B lue  R c a n  be 
d e t e r m i n e d  c o l o r i m e t r i c a l l y  a s  a  m e a s u r e  o f  c e l l u l a s e  a c t i v i t y .
T h i s  m e th o d  may be u s e d  a s  a q u a n t i t a t i v e  a s s a y  in  a  g r o w i n g  c u l t u r e  
o f  c e l l u l o l y t i c  m i c r o o r g a n i s m s  o r  a s  a d i r e c t  a s s a y  o f  enzyme p r e p a r a ­
t i o n s  b u t  h a s  n o t  b e e n  a  s a t i s f a c t o r y  m ethod  f o r  t h e  m e a s u r e m e n t  o f  
c e l l u l a s e  a c t i v i t y  f rom C. u d a .
S e v e r a l  m e th o d s  have  b e e n  d e s c r i b e d  f o r  t h e  m e a s u r e m e n t  o f  t h e  
i n c r e a s e  i n  r e d u c i n g  end  g r o u p s .  H ow e ver ,  many o f  t h e  p r o c e d u r e s  r e ­
q u i r e d  i n c u b a t i o n  t i m e s  o f  one h o u r  o r  more  w i t h  a  s e n s i t i v i t y  i n  t h e  
r a n g e  o f  1 - 100 mg o f  g l u c o s e .  I f  t h e  i n i t i a l  r a t e  o f  h y d r o l y s i s  i s  
t o  be d e t e r m i n e d ,  t h e  s e n s i t i v i t y  o f  t h e  c o l o r i m e t r i c  m e th o d  s h o u l d  
be i n  t h e  r a n g e  o f  1 - 100 fig o f  g l u c o s e  t o  q u a n t i t a t e  t h e  r e d u c i n g  
s u g a r s  l i b e r a t e d  d u r i n g  i n c u b a t i o n  t i m e s  o f  a r o u n d  10 i n i n . The l i r s t  
o f  t h e  two m e th o d s  t h a t  was u s e d  was t h e  f e r r i c y a n i d e  m ethod  o l  P a r k  
and J o h n s o n  ( 1 9 4 9 )  w h i c h  r e q u i r e d  some mod i f i c a t i o n s  i n  t h e  f e r r i c  
i r o n  r e a g e n t  as p r e v i o u s l y  m e n t i o n e d .  The m ethod  had t h e  r e q u i r e d  
s e n s i t i v i t y  (1 - 9 fi g o f  g l u c o s e ) ,  how e ve r  i t  was s e n s i t i v e  t o  i n ­
t e r f e r i n g  s u b s t a n c e s  s u c h  a s  p h o s p h a t e .  The s e c o n d  c o l o r i m e t r i c  
m ethod  u s i n g  n e o c u p r o i n e  ( D y g e r t  e_t a l_. , 1965)  was n o t  is s e n s i t i v e  
t o  i n t e r f e r i n g  s u b s t a n c e s  and  had a b r o a d e r  r a n g e  o f  s e n s i t i v i t y  
(2 - 24 f ig  o f  g l u c o s e )  .
The  r e d u c i n g  s u g a r  d e t e r m i n a t i o n s  c a n  be  u s e d  w i t h  a n y  o l  t h e
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c e l l u l o s e  s u b s t r a t e s ,  however  when s u b s t r a t e s  s u c h  a s  
o l i g o s a c c h a r i d e s  a r c  u s e d  t h e  enzyme c o n t r o l s  a r e  e x t r e m e l y  h i g h .
One o f  t h e  m a in  a d v a n t a g e s  o f  r e d u c i n g  s u g a r  d e t e r m i n a t i o n s  i s  t h e  
d e f i n i t i o n  o f  a  c e l l u l o s e  u n i t  a s  b e i n g  t h e  r e l e a s e  o f  1 fjg g l u c o s e  
r e d u c i n g  e q u i v a l e n t s  p e r  m i n .
The v i s c o m e t r i c  m e th o d  u s i n g  s o l u b l e  c e l l u l o s e  p o l y m e r s  i s  
e s p e c i a l l y  u s e f u l  in  d e t e r m i n i n g  w h e t h e r  t h e  c e l l u l a s e  i s  o f  t h e  
e x o - ( e n d w i s e  s p l i t t i n g  w i t h  v e r y  l i t t l e  d e c r e a s e  i n  v i s c o s i t y )  o r  
endo-(random s p l i t t i n g  w i t h  a  d e c r e a s e  i n  v i s c o s i t y )  v a r i e t y .
P r e v i o u s l y  i t  was n o t  p o s s i b l e  t o  r e p o r t  c e l l u l a s e  u n i t s  d e t e r ­
m in ed  by t h i s  m e t h o d ;  h o w e v e r ,  a s e r i e s  o f  p a p e r s  (A lm in  and  
E r i k s s o n ,  1967a  and  Alm in  e_t a _ l . ,  1967b)  p r e s e n t e d  a m ethod  f o r  
d e t e r m i n i n g  t h e  number o f  bon d s  b r o k e n  p e r  u n i t  t im e  by u s i n g  th e  
a v a i l a b l e  v i s c o s i t y  l a w s .
S o l u b l e  c e l l u l o s e  d e r i v a t i v e s  l i k e  CMC and  h y d r o x y e t h y l  c e l l u ­
l o s e  a r e  good s u b s t r a t e s  f o r  c e l l u l a s e s ;  h o w e v e r ,  t h e  s u b s t i t u t e d  
g r o u p s  c a u s e  p r o b l e m s  c r e a t e d  by s t e r i c  and  e l e c t r o s t a t i c  i n t e r a c t ­
i o n s  w i t h  t h e  e n z y m e .  The e l e c t r o s t a t i c  i n t e r a c t i o n  i s  a p p a r e n t  i n  
t h e  c o m p a r i s o n  o f  t h e  pH op t im um o f  CMC and an  u n s u b s t i t u t e d  o l i g o ­
s a c c h a r i d e  s u c h  a s  c e l l o h e x a o s e  (K ing  and  V e s s a l ,  1 9 6 9 ) .  T h e s e  s u b ­
s t i t u t e d  c e l l u l o s e s  g i v e  a  l a r g e  number  o f  v a r i o u s l y  s u b s t i t u t e d  
p r o d u c t s  b e c a u s e  o f  t h e  random  d i s t r i b u t i o n  o f  t h e  s u b s t i t u t e d  
g r o u p s  on t h e  p o l y s a c c h a r i d e  (K ing  and  V e s s a l ,  1 9 6 9 ) .  As t h e  d e ­
g r e e  o f  s u b s t i t u t i o n  ( D . S . )  o f  t h e  s u b s t r a t e  i s  r a i s e d  th e  h y d r o l y ­
s i s  r a t e  i s  l o w e re d  and  t h e  i d e n t i t y  o f  t h e  s u b s t i t u t e d  g r o u p  i s  n o t  
o f  p r im e  i m p o r t a n c e  ( l i a r r a s  e_t a_l. , 1 9 6 9 ) .
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K i n e t i c  s t u d i e s  u s i n g  s o l u b l e  o 1 i g o s a c c h a r  ide  w i t h  a d e g r e e  oi  
p o l y m e r i z a t i o n  (DP) o f  : he s u b s t r a t e  f rom two up t o  a t  l e a s t  s i x  
show two g e n e r a l  c h a r a c t e r i s t i c s :  ( a )  a s  t h e  DP is  i n c r e a s e d ,  
d e c r e a s e s  an d  kc t h e  c a t a l y t i c  r a t e  c o n s t ;  i n t  ^ m a x /  [ e ] 0 ) , i n c r e a s e s ; 
and  ( b )  t h e  i n t e r i o r  l i n k a g e s  a r e  more s u s c e p t i b l e  t o  h y d r o l y s i s  
w h i l e  t h e  t e r m i n a l  l i n k a g e  a t  t h e  n o n - r e d u c i n g  e n d  i s  more e a s i l y  
a t t a c k e d  t h a n  t h e  t e r m i n a l  l i n k a g e  a t  t h e  r e d u c i n g  end  ( W h i t a k e r ,  
1963)  .
I t  i s  v e r y  d i f f i c u l t  t o  c om pare  t h e  c h a r a c t e r i s t i c s  o f  d i f f e r ­
e n t  c e l l u l a s e s  t h a t  a r e  d e s c r i b e d  i n  t h e  l i t e r a t u r e  when CMC is  u s e d  
a s  t h e  s u b s t r a t e .  The v a r i a t i o n s  i n  DS and  DP a r e  s o  g r e a t  b e tw e e n  
d i f f e r e n t  p r e p a r a t i o n s  o f  CMC t h a t  t h e  o n l y  s i g n i f i c a n t  c o m p a r i s o n  
m us t  be o b t a i n e d  e m p l o y i n g  t h e  same l o t  number  o f  CMC.
The w a t e r - s o l u b l e  CMC p r e p a r a t i o n s  u s e d  a s  c e l l u l a s e  s u b s t r a t e s  
p r e s e n t  some p r o b l e m s  i n  t h e i r  p r e p a r a t i o n .  The f i r s t  CMC t h a t  was 
u s e d  was o f  t h e  h i g h  v i s c o s i t y  t y p e  ( l o t  n o .  3563 o b t a i n e d  f rom 
N u t r i t i o n a l  B i o c h e m i c a l  C o r p . ,  C l e v e l a n d ,  O h i o ) .  T h i s  s u b s t a n c e  
was d i f f i c u l t  t o  s o l u b i l i z e  i n  a q u e o u s  s o l u t i o n s .  The p r o c e d u r e  i n ­
v o l v e d  a u t o c l a v i n g  and  f i l t r a t i o n  and  p r o d u c e d  a  CMC p r e p a r a t i o n  t h a t  
was s t a b l e  a t  room t e m p e r a t u r e  f o r  s e v e r a l  m o n t h s .  T h i s  p r e p a r a t i o n  
was s a t i s f a c t o r y  f o r  t h e  c o l o r i m e t r i c  a s s a y  m e t h o d s ,  however  i t  was 
n o t  p o s s i b l e  t o  o b t a i n  r e p r o d u c i b l e  r e s u l t s  w i t h  t h e  v i s c o m e t r i c  
me t h o d  .
The s e c o n d  CMC 7L ( H e r c u l e s  Powder  C o . ,  l o t  n o .  73168 ,
H o p e w e l l ,  V a . )  u s e d  was o f  t h e  low v i s c o s i t y  t y p e .  The s u b s t r a t e ,
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d i s s o l v e d  in  t h e  b u f t e r  by  s t a n d i n g  a t  4 C w i t h  s t i r r i n g  o v e r n i g h t ,  
was n o t  a s  s e n s i t i v e  a s  t h e  h i g h  v i s c o s i t y  CMC p r o p a r a t  ion when t h e  
v i s c o m e t r i c  a s s a y  was e m p l o y e d ,  h o w e v e r  t h e  r e s u l t s  o b t a i n e d  were 
r e p r o d u c i b l e .  The low v i s c o s i t y  CMC 7L had twice- t h e  s e n s i t i v i t y  
o f  t h e  h i g h  v i s c o s i t y  CMC u s i n g  t h e  c o l o r i m e t r i c  a s s a y s .  The CMC 
7L was n o t  v e r y  s t a b l e  and  was s t o r e d  i n  a  f r o z e n  s t a t e  a t  - 4 0  C 
u n t i l  i t  was t o  be u s e d .
The c e l l u l a s e  c o m p le x  i s  i n  m o s t  c a s e s  made up o f  s e v e r a l  com­
p o n e n t s  t h a t  h a v e  d i f f e r e n t  t y p e s  o f  a c t i v i t y  t o w a r d  t h e  $ - 1 - 4  g l u -  
c o s i d i c  l i n k a g e s  o f  c e l l u l o s e  o r  i t s  h y d r o l y t i c  p r o d u c t s .  Among 
t h e s e  c o m p o n e n t s  t h e  Cx c e l l u l a s e  ( e n d o - $ - l - 4  g L u c o s i d a s e  t h a t  
a t t a c k s  c e l l u l o s e  r a n d o m l y )  i s  found  a s  two m a i n  t y p e s  ( t h e  c e l l -  
f r e e  and  t h e  c e l l - b o u n d ) .  The c e l l - f r e e  c e l l u l a s e s  i n  many c a s e s  
have  b e e n  s e p a r a t e d  i n t o  d i f f e r e n t  s p e c i e s  by  d i f f e r e n t  p h y s i c a l  and  
c h e m i c a l  m e t h o d s .  The c e l l u l a s e s  o f  t h i s  t y p e  may v a r y  i n  t h e i r  
c a r b o h y d r a t e  c o n t e n t ,  c a t a l y t i c  p r o p e r t i e s ,  am ino  a c i d  c o m p o s i t i o n ,  
i s o e l e c t r i c  p o i n t s  and  e l e c t r o m o b i l i t i e s .  T h i s  h e t e r o g e n e i t y  i n  t h e  
c e l l u l a s e s  may be due  t o  t h e  p h y s i o l o g i c a l  g r o w t h  c o n d i t i o n  of t h e  
c u l t u r e  ( B u c h t  and  E r i k s s o n ,  1968)  o r  due t o  t h e  m e t h o d s  u s e d  i n  t h e  
p u r i f i c a t i o n  o f  t h e s e  c e l l u l a s e s .
I t  w ou ld  seem r e a s o n a b l e  t o  e x p e c t  t h a t  a c e r t a i n  l e v e l  o f  
c e l l u l a s e  s y n t h e s i s  g a k e s  p l a c e  i n  o r d e r  t o  d i s t r i b u t e  c e l l u l a s e  
enzymes  o w r  t h e  s u r f a c e  o f  t h e  m i c r o o r g a n i s m .  T h i s  s m a l l  amount  o f  
c e l l - b o u n d  c e l l u l a s e  may i n  p a r t  be r e s p o n s i b l e  f o r  t h e  a d h e r e n c e  o f  
b a c t e r i a  t o  c e l l u l o s e  a s  s e e n  i n  F i g .  1 .  As more  c e l l u l a s e  i s  
s y n t h e s i z e d  t h e  c o l l -b o u n d  c e l l u l a s e  may be d i s p l a c e d  t o  g i v e  r i s e
t o  t h e  c e l l - f r e e  c e l l u l a s e .  The p r e s e n c e  o f  some o f  t h e  c e l  I - f r e e  
c e l l u l a s e  i s  p r o b a b l y  due  t o  l i m i t e d  a u t o l y s i s .  The he t e r  n i y n r  i t y 
o f  t h e  c e l l - f r e e  c e l l u l a s e  may r e s u l t  f rom some c e l l u l a r  m a t e r i a l  
r e m a i n i n g  a t t a c h e d  t o  t h e  enzyme , d i f f e r e n t  a m o u n t s  o f  c a r b o h y d r a t e s  
be com ing  a s s o c i a t e d  w i t h  t h e  enzyme an d  t h e  a c t i o n  o f  p r o L e o l v t i c  
e n z y m e s .  Any o f  t h e s e  mod i f i c a t i o n s  o f  t h e  c e l l - f r e e  c e l l u l a s e s  
c o u l d  m o d i f y  t h e i r  c a t a l y t i c  a b i l i t y .
I f  t h e  c h a n g e  i n  f l u i d i t y  ( 0 )  o f  CMC i s  p l o t t e d  a g a i n s t  t h e  
c o r r e s p o n d i n g  i n c r e a s e  in r e d u c i n g  s u g a r s  (RS) a s t r a i g h t  l i n e  w i l l  
be o b t a i n e d .  A c o m p a r i s o n  o f  t h e  d <£/dRS f o r  d i f f e r e n t  c e l l u l a s e s  
s u g g e s t s  d i f f e r e n c e s  in t h e  p a t t e r n  o f  a t t a c k  o f  t h e  enzym es  on t h e  
CMC s u b s t r a t e  ( B a r r a s  e t  aj_. , 1 9 6 9 ) .  A s t e e p  d 0 / d R S  c u r v e  may i n ­
d i c a t e  a s i n g l e  a t t a c k  ( c l e a v a g e  o f  t h e  p o ly m e r  and  r e l e a s e  o f  t h e  
e n z y m e ) .  The s e r i e s  o f  e v e n t s  r e p r e s e n t i n g  a m u l t i p l e  a t t a c k  would 
be c l e a v a g e  o f  t h e  p o l y m e r ,  r e l e a s e  o f  one  h a l f  o f  t h e  p o l y m e r  w i t h  
t h e  o t h e r  h a l f  b e i n g  r e t a i n e d  and  a r e p e a t e d  a t t a c k  on t h e  r e t a i n e d  
h a l f  o f  t h e  p o lv m e r  w i t h  t h e  s u b s e q u e n t  r e l e a s e  o f  s m a l l  r e d u c i n g  
s u g a r s  s u c h  a s  c e l l o b i o s e .  The d 0 / d R S  c u r v e  in  t h e  m u l t i p l e  a t t a c k  
wou ld  n o t  be v e r y  s t e e p  and  i n t e r m e d i a t e  s l o p e s  w ou ld  i n d i c a t e  t h e  
number o f  a t t a c k s  b e f o r e  t h e  c e l l u l a s e  d i s s o c i a t e s  f rom t h e  s u b -  
- a j t r a t e  .
A n o t h e r  v a r i a t i o n  in  t h e  m e c h a n i s m  o f  t h e  h y d r o l y s i s  ol  c e l l u ­
l o s e  by c e l l u l a s e s  i s  a p p a r e n t  f rom  t h e  a n a l y s i s  o f  o l i g o s a c c h a r i d e  
end  p r o d u c t s .  C e l l o b i o s e  i s  u s u a l l y  p r e s e n t  and  i n  some c a s e s  t h e  
s o l e  s u g a r  d e t e c t e d .  The s o l e  end  p r o d u c t  o f  c e l l u l o s e  h y d r o l y s i s
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by  C.  uda  and  T he rm om onospo ra  c u r v a t a  ( S t u t z e n b e r g e r , 1972)  is  
c e l l o b i o s e .  P.  f  l u o r e s oe n s  c e l l u l a s e -  c o m p o n e n t s  A and B p i o d u e e  
s m a l l  a m o u n t s  o f  c e l l o b i o s e  and  c e l l o t r i o s e  ( S u z u k i  e t  a l . ,  1 9 6 9 ) .
B ased  on t h e  r e s u l t s  o b t a i n e d  t h u s  f a r ,  t h e  c e l l u l a s e  d o e s  n o t  
h y d r o l y z e  c e l l u l o s e  by t h e  s i n g l e  a t t a c k  m e c h a n i s m .  The p r e s e n c e  
o f  a s i n g l e  end  p r o d u c t  s u c h  a s  c e l l o b i o s e  i n d i c a t e s  t h a t  one o r  
more  c e l l o b i o s e  u n i t s  a r e  r e l e a s e d  f o r  e a c h  a t t a c k  o f  t h e  c e l l u l a s e .
A c o m p a r i s o n  o f  t h e  two CMC s u b s t r a t e s  t h a t  w e re  u s e d  f o r  t h e  C. uda 
c e l l u l a s e  a s s a y s  i n d i c a t e s  t h a t  d i f f e r e n t  d 0 / d R S  s l o p e s  would he 
o b t a i n e d .  The h i g h  v i s c o s i t y  CMC showed g r e a t e r  c h a n g e s  in  v i s ­
c o s i t y  t h a n  t h e  low v i s c o s i t y  CMC; h o w e v e r ,  two t i m e s  a s  much o f  
t h e  r e d u c i n g  s u g a r  e q u i v a l e n t s  w e re  o b t a i n e d  u s i n g  t h e  low v i s c o s i t y  
CMC. F u r t h e r  e x p e r i m e n t s  w i t h  t h e  c e l l u l a s e  o f  C.  uda  a r e  n e c e s s a r y  
b e f o r e  a  g r e a t e r  i n s i g h t  i n t o  t h e  m e c h a n i s m  o f  a c t i o n  i s  o b t a i n e d .
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